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(54) IMPROVEMENTS IN AND RELATING TO VALVES

(57)  The present application relates to improved
valves, especially valves for plumbing fixtures, fittings
and water supply systems and installations for washing,
showering, bathing and the like employing such plumbing
fixtures and fittings, are disclosed herein. The concepts
have particular, but not exclusive, application to a mixer
valve, especially to a thermostatic mixer valve and, more
particularly, to an electronically controlled thermostatic
mixer valve. In other embodiments, the concepts may be
applied to flow control valves and to applications of such
flow control valves in plumbing fixtures and fittings and
parts thereof including, for example, a mixer valve.
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Description
BACKGROUND

[0001] This application relates to valves, especially
valves for plumbing fixtures, fittings and water supply sys-
tems and installations for washing, showering, bathing
and the like employing such plumbing fixtures and fit-
tings. The invention has particular, but not exclusive, ap-
plication to a mixer valve, especially a thermostatic mixer
valve and, more particularly, to an electronically control-
led thermostatic mixer valve. The invention also relates
to a flow control valve and to applications of such flow
control valve in plumbing fixtures and fittings and parts
thereof including, for example, a mixer valve.

[0002] A mixer valve receives a fluid flow from at least
two sources and provides an output comprising a mix or
blend of the sources. Typically, mixer valves are used to
control water flow in plumbing fixtures and fittings. In such
fixtures and fittings, the mixer valve commonly receives
a first input from a cold water supply and a second input
from a hot water supply. The mixer valve includes con-
trols that act to control in what proportions the hot and
cold supplies are mixed. Thus, the mixer valve mixes the
hot and cold supplies in accordance with the setting of
its controls to achieve a desired water outlet temperature.
[0003] Manually operable thermostatic mixer valves
typically include a valve member that is manually adjust-
able to blend the hot and cold supplies in the correct
proportion to set a desired water outlet temperature and
a thermostat responsive to the water outlet temperature
to adjust the position of the valve member to maintain
constant the selected water outlet temperature. The
known manually operable thermostatic mixer valves may
also provide control of the water outlet flow rate.

[0004] An example of such manually operable thermo-
static mixer valves is shown in FIGURES 12 and 13. The
mixer valve 101 is designed for mounting on a wall or
partition 102 within a shower enclosure and has elbow
members 103, 104 either side of a waisted body 105.
The elbows 103, 104 are connected to incoming supplies
106, 107 of hot and cold water entering the enclosure
through the wall 102.

[0005] The body 105 houses a valve mechanism in-
cluding a valve member that is axially movable between
hot and cold seats to control the relative proportions of
hot and cold water admitted to a mixing chamber. The
valve member is manually adjusted to set the desired
outlet water temperature by a rotatable temperature con-
trol knob 110 at the front of the body 105.

[0006] The mixing chambercommunicates with an out-
let 108 in the body. The outlet 108 is shown arranged on
the underside of the body 105 when the valve 101 is
installed on the wall 102 for connection to a flexible hose
that 109 delivers water to a handset. In other arrange-
ments, the outlet may be arranged on the top of the body
105 when the valve 101 is installed on the wall 102 for
connection to a rigid riser pipe that delivers water to a
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fixed overhead shower.

[0007] The valve mechanism includes athermostatre-
sponsive to the water temperature in the mixing chamber
to adjust the position of the valve member to maintain
constant the selected water temperature. The valve fur-
ther includes a rotatable flow control knob 111 mounted
concentric with the temperature control knob 110 to con-
trol and regulate the flow of water from off to fully open.
[0008] Suchknown valves 101 are relatively large (the
inlets centers are typically spaced 150 mm (6 inches)
apart) and are often made of metal and therefore rela-
tively heavy and expensive to manufacture.

[0009] Electronically controlled thermostatic mixer
valves typically utilize motors to control the movement of
a valve member to blend the hot and cold supplies in the
correct proportion to set a desired water outlet tempera-
ture and a temperature sensor responsive to the water
outlet temperature to provide a signal to control circuitry
to operate the motor to adjust the position of the valve
member to maintain constant the selected water outlet
temperature.

[0010] An example of such electronically operable
thermostatic mixer valves is shown in FIGURES 14 and
a mixer unit incorporating the mixer valve is shown in
FIGURE 15. The mixer valve 201 has a body 202 with
inlets 203, 204 for connection to supplies of hot and cold
water and an outlet 205. The body 202 houses a valve
mechanism including a valve spool 206 having two parts
206a, 206b provided with interlocking castellations that
form a series of slotted ports 207.

[0011] Theinlets 203, 204 open to inlet chambers that
surround the spool 206 and the valve spool 206 is axially
movable between a first end position in which the ports
207 communicate with the inlet chamber connected to
the cold water supply corresponding to full cold and a
second end position in which the ports 207 communicate
with the inlet chamber connected to the hot water supply
corresponding to full hot. Between the end positions, the
ports 207 communicate with both inlet chambers and,
adjusting the axial position of the spool 206 between the
end positions adjusts the relative proportions of hot and
cold water flowing to the outlet 205 and thus the water
outlet temperature.

[0012] The spool 206 is axially adjustable under the
control of a stepper motor 208 that is coupled to the spool
206 by a drive mechanism including a drive rod 209. The
stepper motor 208 is controlled by an electronic controller
210 (FIGURE 15) arranged to receive signals from a user
interface (not shown) for selecting the desired water out-
let temperature and from a temperature sensor (not
shown) mounted in the outlet 205 to adjust the position
of the spool 206 to achieve and maintain the desired out-
let water temperature.

[0013] Such known electronic mixer valves 201 are rel-
atively large and only control the outlet water temperature
not the flow rate. Consequently a separate electronically
operable flow control valve 211 is provided with associ-
ated controls to start/stop water flow and control the flow
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rate. The flow control valve 211 has an inlet 212 connect-
ed to the outlet 205 of the mixer valve 201. A valve mem-
ber 213 engages a valve seat 214 to prevent flow of water
from the inlet 212 to an outlet 215 in the closed position
of the valve.

[0014] The valve member 213 is urged away from the
valve seat 214 to open the flow control valve 211 when
a solenoid 217 is energized and opening movement of
the valve member 213 is controlled by a stepper motor
216 via a drive rod 218 to control the flow rate of water
delivered to the outlet 215. The stepper motor 216 is con-
trolled by the electronic controller 210 that receives sig-
nals from the user interface for selecting the desired flow
rate of the outlet water and from a flow rate sensor mount-
ed in the outlet to adjust the position of the valve member
213 to achieve and maintain the desired outlet water flow
rate.

[0015] The mixer valve 201 and separate flow control
valve 211 are typically combined in a single unit 219 with-
in a housing 220 for connection to the electrical supply
for the stepper motors. The large size of the units 219
renders them unsuitable for mounting in a shower enclo-
sure. As a result, they are usually mounted remote from
the shower enclosure, for example in the ceiling above
the shower enclosure with the outlet 215 supplying con-
necting pipework to deliver outlet water to an overhead
shower, a handset or other spray device within the show-
er enclosure and with a wired or wireless connection from
the user interface located in the shower enclosure to the
electronic controls for the mixer valve and flow control
valve.

[0016] Due to the size and complexity of many parts
of the mixer valve and flow control valve that form the
water way and come into contact with the water, such
parts are made of plastics materials to facilitate manu-
facture and reduce the weight of the units. The use of
plastics materials however gives rise to a health risk from
the presence of harmful micro-organisms in the water
supply, especially bacteria and in particular legionella
bacteria. The bacteria readily form a bio-film on surfaces
of the waterway in contact with the water that are made
of plastics material and the growth of bacteria forming
the bio-film is promoted in the warm water present in the
waterways, especially immediately after use while the
water remaining in the valve is still warm and before it
has cooled down. The large surface area of the water-
ways in the known electronically controlled mixer valves
therefore presents a particular problem for effective con-
trol of bacteria to reduce the risk of users being infected
by bacteria in the fine droplets of water present in the
shower area when showering and which can be readily
inhaled.

[0017] It is known to periodically flush the waterways
with hot water for a pre-determined period of time, typi-
cally at least 65°C for at least 10 minutes, to kill bacteria
present on the surface of the waterways. However, if the
water used is not hot enough or is not present for a suf-
ficient period of time the bacteria can survive and con-

10

15

20

25

30

35

40

45

50

55

tinue to grow. Also flushing with hot water may not re-
move bacteria present on the surface of the waterway in
trapped areas of the waterway that are not flushed by
the hot water. This can be a further problem affecting the
efficient removal of bacteria in complex waterways made
of plastics materials.

[0018] Hence a need exists for improved valves for
plumbing fixtures, fittings and water supply systems and
installations for washing, showering, bathing and the like
employing such plumbing fixtures and fittings.

SUMMARY

[0019] The present application discloses numerous
embodiments that include various features that may be
used alone or in combination with each other. The fol-
lowing summarizes a non-exclusive list of some potential
embodiments, although it should be understood by those
reviewing the presentdisclosure that other possible com-
binations of features may be used according to other ex-
emplary embodiments, and that all such combinations of
the features disclosed herein are intended to fall within
the scope of the present application.

[0020] An exemplary embodiment relates to a mixing
valve for use in controlling the mixture of two supplies of
water having different temperatures, the mixing valve in-
cluding a cold water inlet configured to receive a supply
of cold water; a hot water inlet configured to receive a
supply of hot water; an outlet configured to output cold
water or hot water or a mixture thereof from the mixing
valve; a first flow control valve for controlling the flow of
cold water from the cold water inlet to the water outlet;
and a second flow control valve for controlling the flow
of hot water from the hot water inlet to the water outlet.
Each of the first and second flow control valves include
a valve inlet communicating with the associated water
inlet, first and second valve outlets communicating with
the water outlet, and a valve member assembly to control
the flow of water through the first and second valve out-
lets. Each valve member assembly includes a first valve
member configured to engage with a first valve seat as-
sociated with the first valve outlet in a closed position of
the flow control valve and a second valve member con-
figured to engage with a second, separate, valve seat
associated with the second valve outlet in the closed po-
sition of the flow control valve. The first valve member is
configured to be urged closed by water entering through
the valve inlet and the second valve member is config-
ured to be urged open by water entering through the valve
inlet such that, when in use, water flowing through the
first flow control valve exerts substantially no net force
on the valve member assembly of the first flow control
valve and water flowing through the second flow control
valve exerts substantially no net force on the valve mem-
ber assembly of the second flow control valve.

[0021] Another exemplary embodiment relates to a
mixing valve for use in controlling the mixture of two sup-
plies of fluid, the mixing valve comprising a first inlet con-
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figured to receive a supply of a first fluid; a second inlet
configured to receive a supply of a second fluid; a mixing
chamber in fluid communication with the first and second
inlets for creating a mixed fluid comprising the first fluid
and the second fluid; an outlet in fluid communication
with the mixing chamber for directing the mixed fluid out
of the mixing valve; a first flow control valve associated
with the first inlet; and a second flow control valve asso-
ciated with the second inlet. Each of the first and second
flow control valves include a valve inlet communicating
with the associated water inlet, first and second valve
outlets communicating with the water outlet, and a valve
member assembly to control the flow of water through
the first and second valve outlets. Each valve member
assembly includes a first valve member adapted to en-
gage with a first valve seat associated with the first valve
outlet in a closed position of the flow control valve and a
second valve member adapted to engage with a second,
separate, valve seat associated with the second valve
outlet in the closed position of the flow control valve. The
first valve member is configured to be urged closed by
water entering through the valve inlet and the second
valve member is configured to be urged open by water
entering through the valve inlet such that, when in use,
fluid flowing through the first flow control valve exerts
substantially no net force on the valve member assembly
of the first flow control valve and fluid flowing through the
second flow control valve exerts substantially no netforce
on the valve member assembly of the second flow control
valve.

[0022] Another exemplary embodiment relates to a
mixing valve includes afirst inlet for receiving a first fluid,
a second inlet for receiving a second fluid, and a mixing
chamber having a fluid outlet for outputting the first fluid
or the second fluid or a mixture thereof. The mixing valve
includes a first flow control valve for controlling the flow
of the first fluid into the mixing chamber and a second
flow control valve, separate from the first flow control
valve, for controlling the flow of the second fluid into the
mixing chamber. At least one of the first or second flow
control valve includes at least two separate outlets into
the mixing chamber.

[0023] Another exemplary embodiment relates to a
mixing valve that includes a mixing chamber, a first flow
control valve having two outlets for controlling the flow
of a first fluid from a first inlet into the mixing chamber,
wherein the first inlet is between the two outlets of the
first flow control valve, and a second flow control valve
having two outlets for controlling the flow of a second
fluid from a second inlet into the mixing chamber, wherein
the second inlet is between the two outlets of the second
flow control valve. Each flow control valve includes a
valve member assembly including a first valve member
adapted to engage with a first valve seat associated with
a first of the two valve outlets in a closed position of the
flow control valve and a second valve member adapted
to engage with asecond, separate, valve seat associated
with a second of the two valve outlets in the closed po-
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sition of the flow control valve

[0024] Another exemplary embodiment relates to a
mixing valve for a plumbing fixture that includes a mixing
chamber, a first flow control valve having two outlets for
controlling the flow of a first fluid from a first inlet into the
mixing chamber, wherein the firstinlet is between the two
outlets of the first flow control valve, and a second flow
control valve having two outlets for controlling the flow
of asecond fluid from a second inlet into the mixing cham-
ber, wherein the second inlet is between the two outlets
of the second flow control valve.

[0025] Another exemplary embodiment relates to a
mixing valve that includes an inletand a flow control valve
that includes a valve member assembly having a first
valve member coupled to a second valve member. The
first and second valve members are spaced apart from
each other and are configured to seal two separate out-
lets when the flow control valve is in a closed position.
The mixing valve also includes a stepper motor config-
ured to simultaneously move the first and second valve
members to selectively seal or unseal the two separate
outlets.

[0026] Another exemplary embodiment relates to a
mixing valve that includes a flow control valve comprising
a spool, a first valve member, and a second valve mem-
ber, wherein the first and second valve members are cou-
pled to the spool and spaced apart from each other, and
wherein the first and second valve members are each
configured to engage a separate valve seat when the
flow control valve is in a closed position so as to each
seal a separate outlet into a mixing chamber. The mixing
valve also includes a stepper motor coupled to the spool
and configured to simultaneously move the first and sec-
ond valve members.

[0027] Another exemplary embodiment relates to a
mixing valve that includes a first inlet for introducing a
first fluid into a first valve chamber, a second inlet for
introducing a second fluid into a second valve chamber,
and a mixing chamber configured to receive the first and
second fluids from the first and second outlets. The mix-
ing valve also includes a first valve member assembly
associated with the first inlet, a second valve member
assembly associated with the second inlet, a first stepper
motor configured to move the first valve member assem-
bly, and a second stepper motor configured to move the
second valve member assembly. Each of the first and
second valve member assemblies comprises two
spaced-apart valve members configured to simultane-
ously open or close two separate outlets into the mixing
chamber.

[0028] Another exemplary embodiment relates to a
mixing valve that includes a mixing chamber, a first flow
control valve having a first flow control opening, and a
second flow control valve having a second flow control
opening. The firstand second flow control openings each
have a diameter of approximately six millimeters and the
mixing valve has a flow coefficient of approximately 2.5
when both flow control valves are in a mid-open position.
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[0029] Another exemplary embodiment relates to a
mixing valve that includes a mixing chamber, a first flow
control valve having a first flow control opening, and a
second flow control valve having a second flow control
opening. The firstand second flow control openings each
have a diameter of approximately six millimeters and the
mixing valve has a flow rate of up to approximately 25
liters per minute at approximately 1 bar when both flow
control valves are in a mid-open position.

[0030] Another exemplary embodiment relates to a
plumbing fixture that includes a mixing valve provided
within a body of the plumbing fixture and comprising a
cold water inlet, a hot water inlet, and a water outlet con-
figured to output cold water or hot water or a mixture
thereof from the mixing valve, the mixing valve also com-
prising a first flow control valve for controlling the flow of
cold water from the cold water inlet to the outlet and a
second flow control valve for controlling the flow of hot
water from the hot water inlet to the water outlet. Each
of the first and second flow control valves include a valve
inlet communicating with the associated water inlet, first
and second valve outlets communicating with the water
outlet, and a valve member assembly to control the flow
of water through the first and second valve outlets. Each
valve member assembly includes a first valve member
configured to engage with a first valve seat associated
with the first valve outlet in a closed position of the flow
control valve and a second valve member configured to
engage with a second, separate, valve seat associated
with the second valve outlet in the closed position of the
flow control valve. The first valve member is configured
to be urged closed by water entering through the valve
inlet and the second valve member is configured to be
urged open by water entering through the valve inlet such
that, when in use, water flowing through the first flow
control valve exerts substantially no netforce onthe valve
member assembly of the first flow control valve and water
flowing through the second flow control valve exerts sub-
stantially no net force on the valve member assembly of
the second flow control valve.

[0031] Another exemplary embodiment relates to a
plumbing fixture includes a body and a mixing valve pro-
vided within the body. The mixing valve includes a first
inlet for receiving a first fluid, a second inlet for receiving
asecond fluid, and a mixing chamber having a fluid outlet
for outputting the first fluid or the second fluid or a mixture
thereof. The mixing valve includes a first flow control
valve for controlling the flow of the first fluid into the mixing
chamber and a second flow control valve, separate from
the first flow control valve, for controlling the flow of the
second fluid into the mixing chamber, wherein at least
one of the first or second flow control valve includes at
least two separate outlets into the mixing chamber.
[0032] Another exemplary embodiment relates to a
plumbing fixture that includes a mixing valve having a
mixing chamber. The mixing valve includes a first flow
control valve having two outlets for controlling the flow
of a first fluid from a first inlet into the mixing chamber,
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wherein the first inlet is between the two outlets of the
first flow control valve, and a second flow control valve
having two outlets for controlling the flow of a second
fluid from a second inletinto the mixing chamber, wherein
the second inlet is between the two outlets of the second
flow control valve. Each flow control valve includes a
valve member assembly including a first valve member
adapted to engage with a first valve seat associated with
a first of the two valve outlets in a closed position of the
flow control valve and a second valve member adapted
to engage with a second, separate, valve seat associated
with a second of the two valve outlets in the closed po-
sition of the flow control valve.

[0033] Another exemplary embodiment relates to a
plumbing fixture thatincludes a mixing valve that includes
a mixing chamber, a first flow control valve having two
outlets for controlling the flow of a first fluid from a first
inlet into the mixing chamber, wherein the first inlet is
between the two outlets of the first flow control valve, and
a second flow control valve having two outlets for con-
trolling the flow of a second fluid from a second inlet into
the mixing chamber, wherein the second inlet is between
the two outlets of the second flow control valve.

[0034] Another exemplary embodiment relates to a
shower head configured to receive a first fluid conduit
and a second fluid conduit, wherein the shower head
includes a mixer valve within a portion thereof thatis con-
figured to receive a first fluid from the first fluid conduit
and a second fluid from the second fluid conduit and to
output the first fluid or the second fluid or a blend the first
and second fluids to a shower head outlet.

[0035] Another exemplary embodiment relates to a
shower head that includes a body and a mixing valve
within the body of the shower head. The mixing valve
includes a first inlet and a second inlet for receiving first
and second fluids, respectively, and an outlet for directing
a mixture of the first and second fluids toward an outlet
of the shower head.

[0036] Another exemplary embodiment relates to a
shower head including a body comprising a spray head
and a stem. The shower head also includes a mixing
valve within at least one of the spray head or the stem.
The mixing valve includes first and second inlets for re-
ceiving fluids, a mixing chamber configured for mixing
the received fluids, and an outlet for directing a mixture
of the received fluids out of the spray head.

[0037] Another exemplary embodiment relates to a
faucet configured to receive a first fluid conduit and a
second fluid conduit, wherein the faucet includes a mixer
valve within a portion thereof that is configured to receive
a first fluid from the first fluid conduit and a second fluid
from the second fluid conduit and to output the first fluid
or the second fluid or a blend the first and second fluids
to a faucet outlet.

[0038] Another exemplary embodiment relates to a
faucet including an escutcheon, a body extending above
the escutcheon, the body comprising a spout, and a mix-
ing valve within the body. The mixing valve includes a
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firstinlet and a second inlet for receiving first and second
fluids, respectively, and an outlet for directing a mixture
ofthefirstand second fluids toward an outlet of the faucet.
[0039] Another exemplary embodiment relates to a
faucet that includes a spout configured to extend above
a surface to which the faucet is mounted and a mixing
valve within the spout. The mixing valve includes first and
second inlets for receiving fluids, a mixing chamber con-
figured for mixing the received fluids, and an outlet for
directing a mixture of the received fluids out of the spout.
[0040] Another exemplary embodiment relates to a
flow control valve that includes a valve inlet configured
to receive a fluid, a valve outlet configured to output the
fluid, and a valve member assembly for controlling the
fluid flow through the flow control valve. The valve mem-
ber assembly and the valve inlet are configured such
that, when in use, fluid flowing through the flow control
valve exerts substantially no net force on the valve mem-
ber assembly.

[0041] Another exemplary embodiment relates to a
flow control valve that includes a valve inlet configured
to receive a fluid, a valve outlet chamber having a fluid
outlet for outputting the fluid. The flow control valve is
configured to control the flow of fluid into the outlet cham-
ber, and the flow control valve includes at least two sep-
arate valve outlets into the outlet chamber.

[0042] Another exemplary embodiment relates to a
water delivery device that includes a flow control valve
comprising a valve inlet configured to receive a fluid, a
valve outlet configured to output the fluid, and a valve
member assembly for controlling the fluid flow through
the flow control valve. The valve member assembly and
the valve inlet are configured such that, when in use, fluid
flowing through the flow control valve exerts substantially
no net force on the valve member assembly. The water
delivery device is selected from the group consisting of
an instantaneous hot water heater, a faucet, and an elec-
tric shower.

[0043] Another exemplary embodiment relates to a
plumbing fixture that includes a valve inlet configured to
receive a fluid and a valve outlet chamber having a fluid
outlet for outputting the fluid. The flow control valve is
configured to control the flow of fluid into the outlet cham-
ber. The flow control valve includes at least two separate
valve outlets into the outlet chamber. The plumbing fix-
ture is selected from the group consisting of an instanta-
neous hot water heater, a faucet, and an electric shower.
[0044] Another exemplary embodiment relates to a
plumbing fixture that includes a body and a mixing valve
within the body. The mixing valve includes a first linear
actuator for controlling a first flow control valve within the
mixing valve and a second linear actuator for controlling
a second flow control valve within the mixing valve. A
controller is located within the body and is configured to
send control signals to control actuation of the linear ac-
tuators.

[0045] Another exemplary embodiment relates to a
plumbing fixture incorporating a mixing valve of reduced
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size within a portion thereof. The plumbing fixture in-
cludes a mixing valve within a portion of the body that is
coupled to a first fluid delivery line providing a first fluid
and to a second fluid delivery line providing the second
fluid, the mixing valve further comprising a first stepper
motor for controlling a first flow control valve within the
mixing valve and a second stepper motor for controlling
a second flow control valve within the mixing valve. The
plumbing fixture also includes a controller within the
plumbing fixture that is configured to control operation of
the first and second stepper motors.

[0046] Another exemplary embodiment relates to a
plumbing fixture that includes a touchscreen user inter-
face on a surface of a plumbing fixture. The touchscreen
user interface is configured to allow a user to control at
least one of the temperature or flow rate of a fluid exiting
the plumbing fixture by controlling a mixing valve located
within a body of the plumbing fixture.

[0047] Another exemplary embodiment relates to a
plumbing fixture that includes a user interface coupled
to an outer surface of a plumbing fixture. The user inter-
face is configured to allow a user to control at least one
of the temperature or flow rate of a fluid exiting the plumb-
ing fixture by controlling a mixing valve located within the
plumbing fixture.

[0048] An exemplary embodiment relates to a method
of controlling at least one of the flow rate or temperature
of outlet water from a mixing valve having a first control
valve configured to receive water at a first temperature
and a second control valve configured to receive water
at asecond temperature higherthan the first temperature
includes moving at least one of the first or second flow
control valves to output a flow of water from the mixing
valve having at least one of a desired flow rate or tem-
perature, wherein the force required to actuate the flow
control valves is substantially independent of water flow.
[0049] Another exemplary embodiment relates to a
method of controlling flow rate of outlet water from a flow
control valve, the method including connecting the flow
control valve to a water supply, configuring the flow con-
trol valve so that an operating force to actuate the flow
control valve is substantially independent of water flow,
and controlling the flow control valve to output a flow of
the water having a desired flow rate.

[0050] Another exemplary embodiment relates to a
method of controlling at least one of the flow rate or tem-
perature of outlet water from a mixer valve. The method
includes providing a mixer valve with a cold water inlet,
a hot water inlet, a water outlet, a first flow control valve
for controlling flow of cold water from the cold water inlet,
and a second flow control valve for controlling flow of hot
water from the hot water inlet. The method also includes
providing each flow control valve with a valve inlet com-
municating with the associated water inlet, two valve out-
lets communicating with the water outlet and a valve
member assembly to control the flow of water through
the respective flow control valve. The method also in-
cludes connecting the cold water inlet to a cold water
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supply and connecting the hot water inlet to a hot water
supply, wherein the cold and hot water supplies have
different temperatures. The method also includes provid-
ing each valve member assembly with a first valve mem-
ber adapted to engage with a first valve seat in a closed
position of the associated flow control valve and a second
valve member adapted to engage with a second, sepa-
rate, valve seat in the closed position of the associated
flow control valve so that, the first valve member is ar-
ranged to be urged closed by water entering through the
valve inlet and the second valve member is arranged to
be urged open by water entering through the valve inlet
such that, when in use, water flowing through the first
flow control valve exerts substantially no net force on the
valve member assembly of the first flow control valve and
water flowing through the second flow control valve ex-
erts substantially no net force on the valve member as-
sembly of the second flow control valve so that an oper-
ating force to actuate the first and second flow control
valves is substantially independent of water flow. The
method further includes controlling the first and second
flow control valves separately or in combination and out-
putting a flow of cold water or hot water or a blend of the
cold and hot water having a desired flow rate and tem-
perature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] There now follows by way of example only a
detailed description of various exemplary embodiments
disclosed in the present application, with reference to the
accompanying drawings, in which:

FIGURE 1 shows aview of an embodiment of a mixer
valve;

FIGURE 2 shows a cross-sectional view of the mixer
valve shown in FIGURE 1;

FIGURE 3 shows a more detailed view of the flow
control valves shown in FIGURE 2;

FIGURE 4 shows the mid-open position of the flow
control valve shown in FIGURES 1 to 3;

FIGURE 5 shows a perspective view of another em-
bodiment of a mixer valve;

FIGURE 6 shows a sectional view of the mixer valve
of FIGURE 5;

FIGURE 7 shows a perspective view of another em-
bodiment of a mixer valve;

FIGURE 8a shows a plumbing fitting comprising a
shower head incorporating an embodiment of the
mixer valve disclosed herein;
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FIGURE 8b shows a cut-away view of the shower
head shown in FIGURE 8a showing the mixer valve
therein;

FIGURE 9a shows a plumbing fitting comprising a
faucet incorporating an embodiment of the mixer
valve disclosed herein;

FIGURE 9b shows a cut away view of the faucet
shown in FIGURE 9a showing the mixer valve there-
in;

FIGURE 10 shows a further plumbing fitting com-
prising a shower head incorporating an embodiment
of the mixer valve disclosed herein;

FIGURE 11a shows a further embodiment of a
plumbing fitting comprising a bar mixer assembly in-
corporating an embodiment of the mixer valve dis-
closed herein;

FIGURE 11b shows a top view of the bar mixer as-
sembly with the control panel removed;

FIGURE 11c shows a detailed view of one of the flow
control valves of the bar mixer assembly shown in
FIGURE 11b;

FIGURE 12 shows a front view of a prior art mixer
valve;

FIGURE 13 shows an underneath plan view of the
prior art mixer valve of FIGURE 12;

FIGURE 14 shows a side view of a prior art electronic
mixer valve;

FIGURE 15 shows a side view of a unit containing
the prior art electronic mixer valve shown in FIGURE
14; and

FIGURE 16 shows a portion of a plumbing fixture
that includes a user interface for controlling the op-
eration of the plumbing fixture.

DETAILED DESCRIPTION

[0052] According to an exemplary embodiment, a mix-
er valve includes a first fluid inlet adapted to receive a
first fluid, a second fluid inlet adapted to receive a second
fluid, a fluid outlet adapted to output the first fluid or the
second fluid or a mixture thereof, and a first flow control
valve for controlling the flow of fluid from the first fluid
inlet and a second flow control valve for controlling the
flow of fluid from the second fluid inlet, each of the first
and second flow control valves including a valve member
assembly to control the fluid flow through the respective
flow control valve, the valve member assembly and the
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fluid inlet of each of the first and second flow control
valves being adapted and arranged such that, when in
use, fluid flowing through the first flow control valve exerts
substantially no net force on the valve member assembly
of the first flow control valve and fluid flowing through the
second flow control valve exerts substantially no netforce
on the valve member assembly of the second flow control
valve.

[0053] According to another exemplary embodiment,
there is provided a mixer valve for use in controlling mix-
ing of two supplies of water having different temperatures
comprising a cold water inlet adapted to receive a supply
of cold water, a hotwater inlet adapted to receive a supply
of hot water, a water outlet adapted to output cold water
or hot water or a mixture thereof, and a first flow control
valve for controlling the flow of cold water from the cold
water inlet to the water outlet and a second flow control
valve for controlling the flow of hot water from the hot
water inlet to the water outlet, each of the first and second
flow control valves including a valve inlet communicating
with the associated waterinlet, firstand second, separate
valve outlets communicating with the water outlet and a
valve member assembly to control the flow of water
through the valve outlets, wherein each valve member
assembly includes a first valve member adapted to en-
gage with a first valve seat associated with the first valve
outlet in a closed position of the flow control valve and a
second valve member adapted to engage with a second,
separate, valve seat associated with the second valve
outlet in the closed position of the flow control valve,
wherein the first valve member is arranged to be urged
closed by water entering through the valve inlet and the
second valve member is arranged to be urged open by
water entering through the valve inlet such that, when in
use, water flowing through the first flow control valve ex-
erts substantially no net force on the valve member as-
sembly of the first flow control valve and water flowing
through the second flow control valve exerts substantially
no netforce on the valve member assembly of the second
flow control valve.

[0054] Bytheterm "substantially no netforce"we mean
that the valve member assembly is essentially "force bal-
anced" with respect to the fluid flow. In other words, the
force required to actuate the valve member assembly
when controlling the valve is substantially independent
of fluid flow. As a result, the actuating force can be re-
duced compared to valves where there is a significant
imbalance of the forces due to fluid flow.

[0055] Reducing the actuating force to operate the
valve member assembly may enable the actuator to be
made smaller than would otherwise be possible with po-
tential cost and energy savings. Consequently, the mixer
valve itself may be made smaller (because less power
is required to operate the valve member assembly) than
would otherwise be possible in existing mixer valves.
[0056] By reducing the size of the mixer valve, the size
of the waterways within the mixer valve and thus the vol-
ume of water present in the mixer valve and the available

10

15

20

25

30

35

40

45

50

55

surface area in contact with the water for bio-film to form
and bacteria to grow can be reduced. Also the occurrence
of trapped areas in the waterways where water can col-
lect and promote growth of bacteria may be reduced.
Furthermore, by reducing the size of the mixer valve, it
may be possible to manufacture the mixer valve, espe-
cially parts forming the waterways, from metal rather than
plastics. The use of metals can have further benefits for
controlling the growth of bacteria. Thus, bio-films form
more readily on plastics than metal and bacteria are killed
by contact with certain metals, especially metal alloys
containing copper such as brass.

[0057] It will be understood that reducing the effect of
fluid flow on the valve member assembly is an important
factor in reducing the size of the mixer valve by reducing
the actuating force required to operate the valve member
assembly. While it may therefore be desirable to elimi-
nate the effect of fluid flow on the valve member assembly
altogether, it may for practical reasons not always be
possible to achieve.

[0058] Accordingly, while the aim may be to reduce
any imbalance of the forces acting on the valve member
assembly due to fluid flow when designing the mixer
valve, the benefits and advantages of reduced actuating
force and thus reduced size (power) of the actuator and
reduced size of the mixer valve may still be achieved to
alarge extenteven if some imbalance of the forces acting
on the valve member assembly due to fluid flow is
present.

[0059] Insome cases, it may even be desirable to have
a smallimbalance of the forces acting on the valve mem-
ber assembly due to fluid flow. For example, a small im-
balance of the forces may be utilized to hold the valve
member assembly closed without relying on the actuator.
In this way, it may not be necessary to provide power to
the actuator when the mixer valve is closed with conse-
quential saving in energy costs.

[0060] Accordingly we intend the term "substantially
no net force" to include not only situations where there
is no imbalance of the forces acting on the valve member
assembly due to fluid flow i.e. "fully force balanced", but
also situations where some imbalance of the forces is
present whether by design or not provided that such im-
balance does not result in a significant increase in the
size (power) of the actuator.

[0061] The actual force required to operate the flow
control valves when fully force balanced may depend on
various factors including, but not limited to (a) the size of
the valve and/or of the valve member assembly, (b) the
number, materials and arrangement of seals provided
between the valve members and the valve seats; and (c)
the number, materials and arrangement of seals provided
between the spool and the housing.

[0062] Thus, for a given valve, it may be that in some
embodiments a level of imbalance of up to = 10% of the
actuating force when fully force balanced may be present
while in other embodiments a level of imbalance of up to
+ 5% of the actuating force when fully force balanced
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may be present and in yet further embodiments a level
of imbalance of the actuating force when fully force bal-
anced of up to = 2% may be present.

[0063] According to an exemplary embodiment, each
flow control valve comprises a valve inlet for receiving
fluid from one of the first or second fluid inlets, the valve
member assembly including a first valve member adapt-
ed to engage with a first valve seat in a closed position
of the flow control valve and a second valve member
adapted to engage with a second, separate, valve seat
in the closed position of the flow control valve, the first
valve member being arranged to be urged closed by fluid
entering through the valve inlet and the second valve
member being arranged to be urged open by fluid enter-
ing through the valve inlet.

[0064] This is advantageous because, when in use,
the force exerted by the fluid on each of the valve mem-
bers can be balanced (as discussed herein) such that
the actuating force to move the valve members from their
respective valve seats can be reduced.

[0065] According to an exemplary embodiment, each
valve inlet is located between the first valve member and
the second valve member of each of the first and second
flow control valves. For example, according to one par-
ticular exemplary embodiment, the valve inlet is config-
ured to open into an inlet chamber defined by a chamber
wall having a first valve outlet and a second valve outlet
formed therein. The first valve seat may be associated
with the first valve outlet and the second valve seat may
be associated with the second valve outlet.

[0066] According to an exemplary embodiment, the
mixer valve includes a mixing chamber that includes the
fluid outlet, the mixing chamber being arranged to receive
fluid from the first and second fluid outlets of the flow
control valves. This is advantageous as it has been found
that a high flow rate can be achieved even when the valve
is miniaturized (i.e., reduced in size).

[0067] According to an exemplary embodiment, the
first and second valve outlets may be of similar size. In
some embodiments, the first and second valve outlets
may be the same size. This is advantageous as it been
found to assist balancing the valve assemblies (as dis-
cussed herein). Furthermore, using two outlets we can
achieve flow rates comparable with using a single, larger
outlet, thereby allowing the valve to be miniaturized (i.e.
reduced in size).

[0068] According to an exemplary embodiment, the
first valve member and second valve member are con-
nected by a spool. In particular, the valve members may
be fixedly mounted to the spool. According to an exem-
plary embodiment, the spool may be coupled to an ac-
tuator which controls the position of the valve members
relative to their respective valve seats. According to an
exemplary embodiment, the actuator comprises an elec-
trically-powered motor. The actuator may comprise a
stepper motor.

[0069] It may be that the motor can be very low power
as the double valve member design ensures that the

10

15

20

25

30

35

40

45

50

55

valve member assembly is substantially balanced
against the force exerted by the fluid (as discussed here-
in). Thus, only a small actuation force is required. The
stepper motor may be connected to the spool such that
rotational motion of the stepper motor causes linear mo-
tion of the spool. Any suitable actuator for controlling lin-
ear motion of the spool may be employed including, but
not limited to, linear actuators.

[0070] According to an exemplary embodiment, the
first and second valve seats may be located within the
valve outlets. For example, the valve seats may include
a cylindrical bore portion of the valve outlets in which the
valve members are slidably received in the closed posi-
tion. This is advantageous as the spool carrying the valve
members can be fitted from one end of the valve by in-
serting the spool and valve members from one end of
the inlet chamber through one of the valve outlets to en-
gage the other valve outlet at the opposite end of the inlet
chamber.

[0071] According to a different exemplary embodi-
ment, the first and second valve seats may be located at
one end of the valve outlets. Forexample, the valve seats
may include an end face of the valve outlets against which
the valve members seat in the closed position.

[0072] According to an exemplary embodiment, the
first valve member may be received in the valve inlet
chamber in an open position of the flow control valve and
the second valve member may be received in the mixing
chamber in the open position of the flow control valve. In
this way, the first valve member moves away from its
valve seat to open the valve outlet against the direction
of fluid flow and the second valve member moves away
from its valve seat to open the valve outletin the direction
of fluid flow.

[0073] Thus fluid flow assists opening movement of
the second valve member and opposes opening move-
ment of the first valve member. The effect of the fluid flow
on each valve member is reversed when moving the
valve members towards their valve seats to close the
valve outlets. The fluid forces acting on the valve mem-
bers can be balanced (as discussed herein) when the
valve outlets and valve members are matched, i.e. of
similar size, so that the actuator to operate the valve
member assembly does not have to overcome a signifi-
cant force imbalance due to fluid flow both when opening
and closing the valve. This is advantageous as the actu-
ation force is substantially independent of fluid flow and
the actuator can be smaller than would otherwise be nec-
essary.

[0074] According to an exemplary embodiment, the
mixer valve comprises a valve housing that houses the
flow control valves. The housing may include apertures
that form the first fluid inlet, second fluid inlet, and fluid
outlet.

[0075] According to an exemplary embodiment, the
housing may be made of metal or alloy, especially alloys
containing copper such as brass to kill harmful micro-
organisms present in the fluid. An electrically powered
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heating device may be provided for thermally disinfecting
the mixer valve. The mixer valve may be disabled during
a thermal disinfection cycle to prevent discharge of fluid.
The thermal disinfection cycle may include a heating cy-
cle to heat the housing to a temperature sufficient to dis-
infect waterways within the housing and optionally a cool
down cycle to allow the housing and fluid contained in
the valve to cool down after the heating cycle.

[0076] According to an exemplary embodiment, the
firstand second flow control valves are connected to sup-
plies of hot and cold water and are controlled in response
to outlet water temperature and/or flow rate. In one ex-
emplary arrangement, a sensor device may be arranged
to measure the temperature and/or flow rate of the outlet
water and the flow control valves are controlled to achieve
and maintain a user selected outlet water temperature
and/or flow rate. In another exemplary arrangement, a
sensor device may be arranged to measure the temper-
ature of the supplies of hot and cold water and/or flow
rate of the outlet water and the flow control valves are
controlled to achieve and maintain a user selected outlet
water temperature and/or flow rate.

[0077] According to another exemplary embodiment,
a mixer valve includes a first inlet for receiving a first fluid,
a second inlet for receiving a second fluid, and a mixing
chamber having a fluid outlet for outputting the first fluid
or the second fluid or a mixture thereof, the mixer valve
including a first flow control valve for controlling the flow
of the first fluid into the mixing chamber and a second
flow control valve, separate from the first flow control
valve, for controlling the flow of the second fluid into the
mixing chamber, wherein at least the first or second flow
control valve includes at least two, separate outlets into
the mixing chamber.

[0078] This is advantageous as the separate outlets
ensure that a substantial flow rate can be maintained
through the mixer valve even when itis miniaturized. The
first inlet typically receives cold water from a cold water
supply and the second inlet typically receives hot water
from a hot water supply.

[0079] According to an exemplary embodiment, at
leastthe first or second flow control valve includes a valve
member assembly to control the flow through the control
valve that is balanced (as discussed herein) such that
fluid flowing through the control valve exerts substantially
no net force on the valve member assembly. This is ad-
vantageous as the force required to actuate the valve
member assembly when controlling the mixer valve is
small. Accordingly, the actuator for moving the valve
member assembly and the mixer valve itself can be min-
iaturized (i.e. reduced in size).

[0080] According to an exemplary embodiment, both
the first flow control valve and the second flow control
valve each include at least two separate outlets into the
mixing chamber. According to an exemplary embodi-
ment, each flow control valve is defined by an elongate
valve inlet chamber having a valve inlet and two separate
outlets formed at substantially opposite ends of the valve
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inlet chamber. Thus, each flow control valve controls the
flow between the associated valve inlet chamber and the
mixing chamber.

[0081] According to an exemplary embodiment, each
flow control valve includes a valve member assembly
including a first valve member adapted to engage with a
first valve seat associated with a first of the two outlets
and a second valve member adapted to engage with a
second, separate, valve seat associated with a second
of the two outlets in the closed position of the flow control
valve.

[0082] The first valve member may be arranged to be
urged closed by fluid entering the valve inlet chamber
through the valve inlet and the second valve member
may be arranged to be urged open by fluid entering the
valve inlet chamber through the valve inlet. Thus the first
and second flow control valves can be balanced (as dis-
cussed herein) due to the dual valve member design.
The two outlets and two valve members ensure a sub-
stantial flow rate can be achieved while ensuring the
valve members are fluid flow force balanced (as dis-
cussed herein) to aid miniaturization.

[0083] According to an exemplary embodiment, the
first valve member and second valve member are con-
nected by a spool. The valve members may be fixedly
mounted to the spool. According to an exemplary em-
bodiment, the spool is connected to an actuator, which
controls the position of the valve members relative to
theirrespective valve seats. The actuator may be an elec-
trically powered motor, for example a stepper motor. The
actuator motor can be very low power as the double valve
member design ensures that the valve is balanced (as
discussed herein) against the force exerted by the fluid.
Thus, only a small actuation force is required. Accord-
ingly, the stepper motor and thus the mixer valve itself
can be very small compared to prior art designs.

[0084] According to an exemplary embodiment, the
first and second valve outlets may be of similar size. Ac-
cording to an exemplary embodiment, the first and sec-
ond valve outlets can be the same size. According to an
exemplary embodiment, the first and second valve out-
lets may be axially aligned.

[0085] In some embodiments, the valve seats may be
located within the valve outlets. For example, the valve
seats may include a cylindrical bore portion of the valve
outlets in which the valve members are slidably received
in the closed position. This is advantageous as the spool
carrying the valve members can be fitted from one end
of the valve by inserting the spool and valve members
from one end of the inlet chamber through one of the
valve outlets to engage the other valve outlet at the op-
posite end of the inlet chamber.

[0086] In other embodiments, the valve seats may be
located at one end of the valve outlets. For example, the
valve seats may include an end face of the valve outlets
against which the valve members seat in the closed po-
sition.

[0087] According to an exemplary embodiment, the
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first valve member may be received in the valve inlet
chamber in an open position of the flow control valve and
the second valve member may be received in the mixing
chamber in the open position of the flow control valve. In
this way, the first valve member moves away from its
valve seat to open the valve outlet against the direction
of fluid flow and the second valve member moves away
from its valve seat to open the valve outlet in the direction
of fluid flow.

[0088] Thus fluid flow assists opening movement of
the second valve member and opposes opening move-
ment of the first valve member. The effect of the fluid flow
on each valve member is reversed when moving the
valve members towards their valve seats to close the
valve outlets. The fluid forces acting on the valve mem-
bers can be balanced (as discussed herein) when the
valve outlets and valve members are matched, i.e. of
similar size, so that the actuator to operate the valve
member assembly does not have to overcome a signifi-
cant force imbalance due to fluid flow both when opening
and closing the valve.

[0089] According to an exemplary embodiment, the
mixer valve includes a housing that houses the first and
second flow control valves and includes apertures that
form the first fluid inlet, second fluid inlet and fluid outlet.
[0090] According to an exemplary embodiment, the
housing may be made of metal or alloy, especially alloys
containing copper such as brass to kill harmful micro-
organisms present in the fluid. An electrically powered
heating device may be provided for thermally disinfecting
the mixer valve. The mixing valve may be disabled during
a thermal disinfection cycle to prevent discharge of fluid.
The thermal disinfection cycle may include a heating cy-
cle to heat the housing to a temperature sufficient to dis-
infect waterways within the housing and optionally a cool
down cycle to allow the housing and fluid contained in
the valve to cool down after the heating cycle.

[0091] According to an exemplary embodiment, the
firstand second flow control valves are connected to sup-
plies of hot and cold water and are controlled in response
to outlet water temperature and/or flow rate. In one ex-
emplary arrangement, a sensor device may be arranged
to measure the temperature and/or flow rate of the outlet
water and the flow control valves are controlled to achieve
and maintain a user selected outlet water temperature
and/or flow rate. In another exemplary arrangement, a
sensor device may be arranged to measure the temper-
ature of the supplies of hot and cold water and/or flow
rate of the outlet water and the flow control valves are
controlled to achieve and maintain a user selected outlet
water temperature and/or flow rate.

[0092] According to another exemplary embodiment,
a plumbing fitting may be configured to receive a mixer
valve such as those described in the present application.
[0093] According to an exemplary embodiment, the
plumbing fitting comprises a fluid delivery device. Accord-
ing to an exemplary embodiment, the fluid delivery device
is a shower head. According to another exemplary em-
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bodiment, the fluid delivery device is a faucet such as a
bath tap, sink tap and basin tap. As the mixer valve can
be easily miniaturized (i.e. reduced in size), it can be
placed within plumbing fittings where it was previously
not possible to do so or doing so would have made the
fitting large and/or heavy and/or cumbersome to use.
[0094] Thus, a shower system may simply comprise a
shower head that receives both hot and cold water sup-
plies through two conduits wherein the mixer valve is
housed within the shower head and delivers water to an
outlet of the shower head. The mixer valve may be con-
trolled via a control device such as a userinterface which
may be incorporated in the shower head or provided sep-
arately and connected to the shower head via a wired or
wireless link. The interface may provide control signals
to an electronic controller that controls the actuators for
the flow control valves according to user selected inputs
of temperature and/or flow rate and/or outlet, for example
where the shower system has multiple outlets. The elec-
tronic controller may receive inputs of the actual temper-
ature of the outlet water and/or the inlet water and/or flow
rate from appropriately positioned sensors and control
the actuators for the flow control valves in response there-
to to achieve and maintain the user selected settings.
The electronic controller may include a microprocessor.
The microprocessor may be programmable and may in-
clude a memory.

[0095] Likewise, a fluid delivery system may comprise
a faucet that receives both hot and cold water supplies
through two conduits wherein the mixer valve is housed
within the faucet and delivers water to an outlet of the
faucet which may, in use, project over a bath, a sink or
a basin. The mixer valve may be controlled via a control
device such as a user interface which may be incorpo-
rated in the faucet or provided separately and connected
to the faucet via a wired or wireless link. The interface
may provide control signals to an electronic controller
that controls the actuators for the flow control valves ac-
cording to user selected inputs of temperature and/or flow
rate and/or outlet, for example where the faucet has mul-
tiple outlets. The electronic controller may receive inputs
of the actual temperature of the outlet water and/or the
inlet water and/or flow rate from appropriately positioned
sensors and control the actuators for the flow control
valves in response thereto to achieve and maintain the
user selected settings. The electronic controller may in-
clude amicroprocessor. The microprocessor may be pro-
grammable and may include a memory.

[0096] According to another exemplary embodiment,
ashower head is configured to receive afirst fluid conduit
and a second fluid conduit, wherein the shower head
includes a mixer valve adapted to receive a first fluid from
the first fluid conduit and a second fluid from the second
fluid conduit and output the first fluid or the second fluid
or a blend of the first and second fluids to a shower head
outlet. According to an exemplary embodiment, the mixer
valve may be such as those described in the present
application.
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[0097] According to an exemplary embodiment, the
shower head includes a stem or body portion to receive
the first and second conduits and at least one outlet to
discharge fluid received from the mixer valve. The stem
portion may include a body having a duct therein for a
fixed shower head or a handle having a duct therein for
a moveable shower head. The duct may carry first and
second fluid conduits. The mixer valve may be such as
those described in the present application.

[0098] According to an exemplary embodiment, the
shower head may be provided with a spray head having
asingle outlet provided with a spray plate having an array
of holes for discharging water. The array of holes may
be configured to discharge water in any selected one of
a plurality of spray patterns.

[0099] According to another exemplary embodiment,
the shower head is provided with a spray head having a
plurality of outlets and the spray head is adjustable to
select any one of the outlets or a combination of outlets
for discharging water.

[0100] According to another exemplary embodiment,
a fluid delivery device is configured to receive a first fluid
conduit and a second fluid conduit, wherein the fluid de-
livery device includes a mixer valve adapted to receive
a first fluid from the first fluid conduit and a second fluid
from the second fluid conduit and output the first fluid or
the second fluid or a blend of the first and second fluids
to an outlet of the fluid delivery device. The mixer valve
may be such as those described in the present applica-
tion

[0101] Accordingtoan exemplary embodiment, the flu-
id delivery device includes a body portion to receive the
first and second conduits and an outlet to discharge fluid
received from the mixer valve. The fluid delivery device
may include a faucet. The faucet may comprise a tap
selected from the group comprising a bath tap, a sink tap
and a basin tap.

[0102] According to an exemplary embodiment, the
body portion includes a base portion and a stem portion
(sometimes referred to as a "spout") provided with the
outlet for discharging water. The mixer valve may be lo-
cated in the stem portion. This is advantageous because
previous mixer taps required the mixer valve to be located
in the base of the faucet rather than the spout or even
separate from the faucet altogether. The mixer valves as
described herein can be miniaturized (i.e. reduced in
size) such that it can be located in the stem portion, ad-
jacent to, or within the outlet of the faucet. The faucet
need not have controls atits base as the faucet can simply
comprise the stem portion.

[0103] The stem portion may be movable according to
an exemplary embodiment. For example, it may be ar-
ranged to pivot about its base. Kitchen taps, for example,
commonly have movable stem portions. The mixer
valves as described in the present application can be
provided or mounted in the movable stem portion and
not in a fixed valve base as in prior art tap designs.
[0104] The flow control valves disclosed in the present
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application may be used individually as flow control
valves according to an exemplary embodiment.

[0105] According to another exemplary embodiment,
a flow control valve includes a valve inlet adapted to re-
ceive a fluid, a valve outlet adapted to output the fluid,
the flow control valve including a valve member assembly
to control the fluid flow through the flow control valve,
wherein the valve member assembly and the valve inlet
are adapted and arranged such that, when in use, fluid
flowing through the flow control valve exerts substantially
no net force on the valve member assembly.

[0106] According to an exemplary embodiment, the
valve member assembly comprises a first valve member
adapted to engage with a first valve seat in a closed po-
sition of the flow control valve and a second valve mem-
ber adapted to engage with a second, separate, valve
seat in the closed position of the flow control valve,
wherein the first valve member is arranged to be urged
closed by fluid entering through the valve inlet and the
second valve member is arranged to be urged open by
fluid entering through the valve inlet.

[0107] This is advantageous because the force exert-
ed by the fluid on each of the valve members can be
balanced (as discussed herein) such that the valve re-
quires a small force to move the valve members from
their respective valve seats.

[0108] According to an exemplary embodiment, the
valve inletis located between the first valve member and
the second valve member. The valve inlet may open into
an inlet chamber defined by a chamber wall having a first
valve outlet and a second valve outlet formed therein.
The first valve seat may be associated with the first valve
outlet and the second valve seat may be associated with
the second valve seat.

[0109] According to an exemplary embodiment, the
valve includes an outlet chamber that includes the fluid
outlet with the outlet chamber being arranged to receive
fluid from the first and second valve outlets of the inlet
chamber. The first and second valve outlets may be of
similar size. The first and second valve outlets may be
axially aligned, for example at opposite ends of the inlet
chamber.

[0110] According to an exemplary embodiment, the
first valve member and second valve member are con-
nected by a spool. In particular, the valve members may
be fixedly mounted to the spool. According to an exem-
plary embodiment, the spool is connected to an actuator
which controls the position of the valve members relative
to their respective valve seats.

[0111] Accordingtoanexemplary embodiment, the ac-
tuator includes an electrically-powered motor. The actu-
ator may comprise a stepper motor. The motor can be
very low power as the double valve member design en-
sures that the valve is balanced (as discussed herein)
against the force exerted by the fluid. Thus, only a small
actuation force is required. The stepper motor may be
connected to the spool such that rotational motion of the
stepper motor causes linear motion of the spool. Any
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suitable actuator for controlling linear motion of the spool
may be employed including, but not limited to, linear ac-
tuators.

[0112] According to an exemplary embodiment, the
valve seats are located within the valve outlets. The valve
seats may include a cylindrical bore portion of the valve
outlets in which the valve members are slidably received
in the closed position.

[0113] According to an exemplary embodiment, the
valve seats are located at one end of the valve outlets.
The valve seats may include an end face of the valve
outlets against which the valve members seat in the
closed position.

[0114] According to an exemplary embodiment, the
first valve member is received in the valve inlet chamber
in an open position of the flow control valve and the sec-
ond valve member is received in the outlet chamber in
the open position of the flow control valve. In this way,
the first valve member moves away from its valve seat
to open the valve outlet against the direction of fluid flow
and the second valve member moves away from its valve
seat to open the valve outlet in the direction of fluid flow.
[0115] Thus fluid flow assists opening movement of
the second valve member and opposes opening move-
ment of the first valve member. The effect of the fluid flow
on each valve member is reversed when moving the
valve members towards their valve seats to close the
valve outlets. The fluid forces acting on the valve mem-
bers can be balanced (as discussed herein) when the
valve outlets and valve members are matched, i.e. of
similar size, so that the actuator to operate the valve
member assembly does not have to overcome a signifi-
cant force imbalance due to fluid flow both when opening
and closing the valve.

[0116] According to an exemplary embodiment, the
flow control valve includes a valve housing that houses
the valve member assembly. The housing may have ap-
ertures that form the fluid inlet and fluid outlet.

[0117] According to an exemplary embodiment, the
housing may be made of metal or alloy, especially alloys
containing copper such as brass to kill harmful micro-
organisms present in the fluid. An electrically powered
heating device may be provided for thermally disinfecting
the flow control valve. The flow control valve may be dis-
abled during a thermal disinfection cycle to prevent dis-
charge of fluid. The thermal disinfection cycle includes a
heating cycle to heat the housing to a temperature suffi-
cient to disinfect waterways within the housing and a cool
down cycle to allow the housing and fluid contained in
the valve to cool down after the heating cycle.

[0118] According to another exemplary embodiment,
a flow control valve includes an inlet for receiving a fluid,
and an outlet chamber having an outlet for outputting the
fluid, the flow control valve controlling the flow of fluid
into the outlet chamber, wherein the flow control valve
includes atleasttwo, separate valve outlets into the outlet
chamber.

[0119] Thisis advantageous as the separate outlet ap-
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ertures ensure that a substantial flow rate can be main-
tained through the valve even when it is miniaturized (i.e.
reduced in size).

[0120] According to an exemplary embodiment, the
flow control valve includes an elongate inlet chamber
having the inlet and two separate valve outlets formed
at substantially opposite ends of the inlet chamber.
[0121] According to an exemplary embodiment, the
flow control valve includes a valve member assembly to
control the flow through the control valve that is balanced
(as discussed herein) such that fluid flowing through the
control valve exerts substantially no netforce on the valve
member assembly. This is advantageous as the force
required to actuate the valve member assembly when
controlling the valve is small. Accordingly, the actuator
for moving the valve member assembly and the valve
itself can be miniaturized (i.e. reduced in size).

[0122] According to an exemplary embodiment, the
valve member assembly includes a first valve member
adapted to engage with a first valve seat associated with
afirst of the at least two valve outlets in a closed position
of the flow control valve and a second valve member
adapted to engage with a second, separate, valve seat
associated with a second of the at least two valve outlets
in the closed position of the flow control valve.

[0123] According to an exemplary embodiment, the
first valve member is arranged to be urged closed by fluid
entering through the inlet chamber through the inlet and
the second valve member is arranged to be urged open
by fluid entering the inlet chamber through the inlet. Thus
the flow control valve can be balanced (as discussed
herein) due to the dual valve member design. The two
outlets and two valve members ensure a substantial flow
rate can be achieved.

[0124] According to an exemplary embodiment, the
valve inletis located between the first valve member and
the second valve member. The valve inlet may open into
the inlet chamber defined by a chamber wall in which the
first valve outlet and the second valve outlet are formed.
[0125] According to an exemplary embodiment, the
first valve member and second valve member are con-
nected by a spool. The valve members may be fixedly
mounted to the spool.

[0126] According to an exemplary embodiment, the
spoolis coupled to an actuator which controls the position
of the valve members relative to their respective valve
seats. The actuator motor may comprise an electrically
powered motor and can be very low power as the double
valve member design ensures that the valve is balanced
against the force exerted by the fluid. Thus, only a small
actuation force is required. Accordingly, a stepper motor
can be used and thus the flow control valve itself can be
very small compared to prior art designs.

[0127] According to an exemplary embodiment, the
first and second valve outlets are of similar size. The first
and second valve outlets may be axially aligned.

[0128] According to an exemplary embodiment, the
valve seats are located within the valve outlets. For ex-
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ample, the valve seats may include a cylindrical bore
portion of the valve outlets in which the valve members
are slidably received in the closed position.

[0129] According to an exemplary embodiment, the
valve seats are located at one end of the valve outlets.
For example, the valve seats may include an end face
of the valve outlets against which the valve members
seat in the closed position.

[0130] According to an exemplary embodiment, the
first valve member is received in the inlet chamber in an
open position of the flow control valve and the second
valve member is received in the outlet chamber in the
open position of the flow control valve.

[0131] According to an exemplary embodiment, the
flow control valve includes a housing that includes aper-
tures that form the fluid inlet and fluid outlet.

[0132] According to an exemplary embodiment, the
housing may be made of metal or alloy, especially alloys
containing copper such as brass to kill harmful micro-
organisms present in the fluid. An electrically powered
heating device may be provided for thermally disinfecting
the flow control valve. The flow control valve may be dis-
abled during a thermal disinfection cycle to prevent dis-
charge of fluid. The thermal disinfection cycle may in-
clude a heating cycle to heat the housing to a temperature
sufficient to disinfect waterways within the housing and
optionally a cool down cycle to allow the housing and
fluid contained in the valve to cool down after the heating
cycle.

[0133] According to an exemplary embodiment, a
method of controlling flow rate and/or temperature of out-
let water from a mixer valve having first and second flow
control valves is provided. The method includes connect-
ing the first flow control valve to a first water supply, con-
necting the second flow control valve to a second water
supply, wherein the first and second water supplies have
different temperatures, configuring the first and second
flow control valves so that an operating force to actuate
the flow control valves is substantially independent of
water flow, and controlling the first and second flow con-
trol valves separately or in combination and outputting a
flow of the first water supply or the second water supply
or a blend of the first and second water supplies having
a desired flow rate and/or temperature.

[0134] According to another exemplary embodiment,
there is provided a method of controlling flow rate and/or
temperature of outlet water from a mixer valve, the meth-
od including providing the mixer valve with a cold water
inlet, a hot water inlet, a water outlet, a first flow control
valve for controlling flow of cold water from the cold water
inlet, and a second flow control valve for controlling flow
of hot water from the hot water inlet, providing each flow
control valve with a valve inlet communicating with the
associated water inlet, two valve outlets communicating
with the water outlet and a valve member assembly to
control the flow of water through the respective flow con-
trol valve, connecting the cold water inlet to a cold water
supply, connecting the hot water inlet to a hot water sup-
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ply, wherein the cold and hot water supplies have differ-
ent temperatures, providing each valve member assem-
bly with a first valve member adapted to engage with a
first valve seat in a closed position of the associated flow
control valve and a second valve member adapted to
engage with a second, separate, valve seat in the closed
position of the associated flow control valve so that, the
first valve member is arranged to be urged closed by
water entering through the valve inlet and the second
valve member is arranged to be urged open by water
entering through the valve inlet such that, when in use,
water flowing through the first flow control valve exerts
substantially no net force on the valve member assembly
of the first flow control valve and water flowing through
the second flow control valve exerts substantially no net
force on the valve member assembly of the second flow
control valve so that an operating force to actuate the
first and second flow control valves is substantially inde-
pendent of water flow, and controlling the firstand second
flow control valves separately or in combination and out-
putting a flow of cold water or hot water or a blend of the
cold and hot water having a desired flow rate and/or tem-
perature.

[0135] According to an exemplary embodiment, the
first and second flow control valves each include a valve
member assembly configured such that, when in use,
fluid flowing through the valve exerts substantially no net
force on the valve member assembly.

[0136] According to an exemplary embodiment, the
first and second flow control valves each include a valve
inlet chamber to receive water from the associated water
supply and having first and second outlets opening to a
mixing chamber.

[0137] According to an exemplary embodiment, the
first and second outlets are arranged at opposite ends
of the inlet chamber and are axially aligned and provide
first and second valve seats for co-operating with first
and second valve members connected to a common
spool coupled to an actuator for adjusting the first and
second valve members relative to the first and second
valve seats for controlling flow of water from the inlet
chamber to the outlet chamber.

[0138] According to an exemplary embodiment, in use,
fluid flowing through each flow control valve exerts a force
on each valve member wherein the force on the first valve
member is substantially equal to and in the opposite di-
rection to the force exerted on the second valve member.
[0139] According to an exemplary embodiment, the
outlet water is supplied to an outlet of a water delivery
device. The water delivery device may be a shower head
or a faucet. The faucet may be selected from a bath tap,
a sink tap and a basin tap.

[0140] According to an exemplary embodiment, a
method of controlling flow rate of outlet water from a flow
control valve is provided. The method includes connect-
ing the flow control valve to a water supply, configuring
the flow control valve so that an operating force to actuate
the flow control valve is substantially independent of wa-
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ter flow, and controlling the flow control valve to output
a flow of the water having a desired flow rate.

[0141] According to an exemplary embodiment, the
flow control valve includes a valve member assembly
configured such that, when in use, fluid flowing through
the valve exerts substantially no net force on the valve
member assembly.

[0142] According to an exemplary embodiment, the
flow control valve includes a valve inlet chamber to re-
ceive water from the water supply and having first and
second outlets opening to an outlet chamber.

[0143] According to an exemplary embodiment,
wherein the first and second outlets are arranged at op-
posite ends of the inlet chamber and are axially aligned
and provide first and second valve seats for co-operating
with firstand second valve members connected toa com-
mon spool coupled to an actuator for adjusting the first
and second valve members relative to the first and sec-
ond valve seats for controlling flow of water from the inlet
chamber to the outlet chamber.

[0144] Accordingto anexemplary embodiment,in use,
fluid flowing through the flow control valve exerts a force
on each valve member wherein the force on the first valve
member is substantially equal to and in the opposite di-
rection to the force exerted on the second valve member.
[0145] According to an exemplary embodiment, the
outlet water is supplied to an outlet of a water delivery
device. The water delivery device may be a shower head
or a faucet. The faucet may be selected from a bath tap,
a sink tap and a basin tap.

[0146] Other features, benefits and advantages of the
mixer valve and flow control valve described herein will
be apparent from the description hereinafter of exempla-
ry embodiments thereof and of the application of the mix-
er valve and flow control valve to plumbing fixture and
fittings and water supply systems and installations em-
ploying such plumbing fixtures and fittings. Such descrip-
tion is provided for the purpose of demonstrating the di-
verse ways in which the mixer valve and flow control valve
can be configured and used and is not intended to be
limiting on the scope of the disclosure.

[0147] Turning now to the accompanying drawings,
FIGURES 1 to 4 show an embodiment of a mixer valve
for use in controlling the mixing of two supplies of water
having different temperatures (nominally hot and cold
water supplies) and outputting water having a desired
temperature for use. The valve may also control flow rate
of the output water. The mixer valve may be incorporated
into a plumbing fixture or fitting for washing, showering,
bathing or the like and water supply systems and instal-
lations employing such plumbing fixtures and fittings. For
example, the mixer valve may be incorporated in afaucet
for a basin, sink, shower bath or the like. The mixer valve
may be incorporated in a water supply system or instal-
lation having one or more outlets for washing, showering,
bathing or the like. Each outlet may include a faucet in-
corporating the mixer valve. Alternatively, the mixer valve
may be incorporated in a fitting supplying more than one
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outlet. For example multiple shower heads may be sup-
plied with water from one mixer valve. Other applications
and uses of the mixer valve will be apparent to those
skilled in the art from the description of the invention pro-
vided herein and the invention extends to and includes
all modifications and changes within the spirit and scope
of the disclosure.

[0148] FIGURE 1 shows the mixer valve 1 enclosed
within a valve housing 2. An aperture 3 in the housing 2
forms a first fluid inlet 4 for receiving a first fluid (cold
water in this embodiment). Similarly, as shown in FIG-
URE 2, the housing 2 includes a further aperture 5 that
forms a second fluid inlet 6 for receiving a second fluid
(hot water in this embodiment) and a still further aperture
7 that forms a fluid outlet 8 for outputting the first fluid or
the second fluid or a mixture thereof.

[0149] FIGURES 2, 3 and 4 show the mixer valve 1 in
cross section. The mixer valve 1 includes a first flow con-
trol valve 9 and a second flow control valve 10 located
within a mixing chamber 11. The first flow control valve
9 controls the flow of fluid from the first fluid inlet 4 to the
mixing chamber 11. The second flow control valve 10
controls the flow of fluid from the second fluid inlet 6 to
the mixing chamber 11. The mixing chamber 11 provides
avolume in which the first and second fluids can mix and
directs the mixed fluid to the fluid outlet 8.

[0150] The first and second flow control valves 9, 10
are similar and are arranged side by side in parallel and
on opposite sides of the mixing chamber 11. There fol-
lows a description of the construction and operation of
the first flow control valve 9 and the same reference nu-
merals have been used but with an additional apostrophe
to identify similar features of the second flow control valve
10 such thatthe construction and operation of the second
flow control valve 10 will be apparent and understood
from the description of the first flow control valve 9.
[0151] The first flow control valve 9 includes a valve
member assembly 12, a valve inlet chamber 13 and first
and second valve outlets 14a and 14b. The inlet chamber
13 is substantially cylindrical. The first fluid inlet 4 opens
into the inlet chamber 13 through the side wall of the inlet
chamber 13 (the second inlet 6 opens into the valve inlet
chamber 13’ of the second flow control valve 10 through
the side wall of the inlet chamber 13’).

[0152] Thefirst valve outlet 14ais arranged at one end
of the inlet chamber 13 and the second valve outlet 14b
is arranged at an opposed end of the inlet chamber 13.
Each of the valve outlets 14a and 14b includes a through
bore with a cylindrical centre section 15 of reduced di-
ameter relative to the end sections 16, 17. The bore is
tapered between the centre section 15 and the end sec-
tions 16, 17. The valve outlets 14a and 14b are axially
aligned and in this embodiment the centre sections 15
of the outlets 14a and 14b are coaxial and have the same
diameter. The valve member assembly 12 controls the
flow of water through the first flow control valve 9 from
the inlet chamber 13 to the mixing chamber 11.

[0153] The valve member assembly 12 comprises a
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first valve member 18a adapted to co-operate with the
first valve outlet 14a and a second valve member 18b
adapted to co-operate with the second valve outlet 14b
to control flow of water from the inlet chamber 13 to the
mixing chamber 11. The first and second valve members
18a, 18b are fixedly mounted on a spool 19 such that
they are held a predetermined distance apart. The pre-
determined distance corresponds to the distance be-
tween the first and second valve outlets 14a, 14b.
[0154] The first flow control valve 9 is shown in the full
open position (maximum flow) in FIGURE 2 and in the
closed position (no flow) in FIGURE 3 (the second flow
control valve 10 is shown in the closed position in FIG-
URE 2 and in the full open position in FIGURE 3). Both
flow control valves 9, 10 are shown in a mid-open position
in FIGURE 4.

[0155] Inthe closed position, the first and second valve
members 18a, 18b are received in the centre sections
15 of the first and second valve outlets 14a, 14b and carry
an elastomeric seal 20a, 20b that engage valve seats
provided by the centre section 15 of the first and second
valve outlets 14a, 14b to seal the valve outlets 14a, 14b
preventing flow of water from the inlet chamber 13 to the
mixing chamber 11. The elastomeric seal could be an O-
ring carried by each valve member 18a, 18b or could be
a resilient portion over molded onto the outwardly facing
surface of the valve member.

[0156] In the full open position, the first valve member
18a is located within the inlet chamber 13 upstream of
the associated valve outlet 14a and the second valve
member 18b is located outside the inlet chamber 13
downstream of the associated valve seat 18b in the mix-
ing chamber waterway. The firstand second valve outlets
14a, 14b are configured such that they present substan-
tially the same area to the water flow.

[0157] The firstfluid inlet 4 opens to the inlet chamber
13 between the first and second valve outlets 14a, 14b.
When opening the first flow control valve from the closed
position, the force exerted by the water acts to resist
opening movement of the first valve member 18a and to
assist opening movement of the second valve member
18b. When closing the first flow control valve from an
open position, the force exerted by the water acts to resist
closing movement of the second valve member 18b and
to assist closing movement of the first valve member 18a.
[0158] By configuring the valve outlets 14a, 14b to
present substantially the same area to the water flow and
arranging the valve members 18a, 18b so that water acts
on the valve members 18a, 18b in opposite directions
and with substantially the same force, the valve member
assembly 12 of the first flow control valve 9 is essentially
balanced (as previously discussed). As a result, there is
substantially no net force on the valve member assembly
12 due to force exerted by the water pressure when open-
ing and closing the first flow control valve 9.

[0159] A first end of the spool 19 is received within a
blind guide bore 21 formed in the housing 2. A second,
opposed end of the spool 19 extends through an opening
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in the housing 2 and is connected to an actuator 22. The
actuator 22 is connected to the housing 2. The actuator
22 is adapted to control the linear position of the spool
19 and thus the position of the first and second valve
members 18a, 18b with respect to the valve outlets 14a,
14b.

[0160] The actuator 22 comprises a stepper motor ar-
ranged to move the spool 19 linearly in an axial direction.
Any suitable actuator for controlling linear motion of the
spool may be employed in place of the stepper motor
including, but not limited to, linear actuators. The actuator
22 is connected to the spool 19 by a spool connector
portion 23 coupled to the second end of the spool 19 that
extends through an opening in the housing 2. An elasto-
meric seal 24 engages the second end of the spool 19
within the opening to prevent leakage of water from the
mixing chamber 11. The seal 24 could be an O-ring lo-
cated in a groove in the housing 2.

[0161] The mixer valve 1 may include a controller (not
shown) which provides control signals to the actuators
22, 22’ of the first and second flow control valves 9, 10.
The controller may also include a temperature sensor
and/or flow rate sensor to measure the temperature
and/or flow rate of the water leaving the fluid outlet 8 or
at any other relevant point in the mixer valve or external
thereto. The signals from the sensor(s) may be used to
control the actuator 22, 22’ of each flow control valve 9,
10 to control the temperature and/or flow rate of the water
leaving the outlet 8. For example the signals may be used
to maintain a desired temperature and/or flow rate or to
provide feedback to the controller so that the water leav-
ing the outlet 8 corresponds to desired settings despite
changes in the water pressure and temperature at the
first fluid inlet 4 and/or second fluid inlet 6. The controller
may include an interface to receive settings input by a
user. Wired or wireless communication may be provided
between the controller, sensor(s) and interface.

[0162] Various methods of operating the actuator 22,
22’ of each flow control valve 9, 10 to control the temper-
ature and/or flow rate of the water leaving the outlet 8
are now discussed. These are examples only of possible
methods of operation and are not intended to be exhaus-
tive of all possible ways in which the mixer valve 1 may
be used to provide a source of outlet water having a de-
sired temperature and/or flow rate.

Control to output cold water or hot water

[0163] With the mixer valve 1 in the closed position,
the firstactuator 22 and second actuator 22’ position their
respective spools 19 and 19’ such that the valve mem-
bers 18a, 18b and 18a’, 18b’ of the first and second flow
control valves 9, 10 are sealed against their respective
valve seats 15 and 15’ to prevent flow of water to the
outlet 8.

[0164] When only cold water is required by the user,
the actuator 22 of the first flow control valve 9 is operated
to open the first flow control valve 9 and the flow rate of
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cold water delivered to the outlet 8 is controlled by ad-
justing the position of the valve members 18a, 18b rela-
tive to the outlets 14a, 14b. The second flow control valve
remains closed.

[0165] When only hot water is required by the user, the
actuator 22’ of the second flow control valve 10 is oper-
ated to open the second flow control valve 10 and the
flow rate of hot water delivered to the outlet 8 is controlled
by adjusting the position of the valve members 18a’, 18b’
relative to the outlets 14a’, 14b’. The first flow control
valve 9 remains closed.

Control to output blended cold water and hot water

[0166] With the mixer valve 1 in the closed position,
the first actuator 22 and second actuator 22’ position their
respective spools 19 and 19’ such that the valve mem-
bers 18a, 18b and 18a’, 18b’ of the first and second flow
control valves 9, 10 are sealed against their respective
valve seats 15 and 15’ to prevent flow of water to the
outlet 8.

[0167] When water having a temperature between full
cold and full hot is required by the user, the actuators 22,
22’ of both flow control valves 9, 10 are operated to open
both flow control valves 9, 10 together to deliver a mixture
of hot and cold water to the outlet 8. The temperature
and/or flow rate of the mixed water can, as an example,
be adjusted as follows:

Adjust flow control valves independently to adjust tem-
perature and flow rate

[0168] With both flow control valves 9, 10 open, the
actuator 22 is operated to move the valve member as-
sembly 12 of the first flow control valve 9 to open further
the first flow control valve 9 and the actuator 22’ is kept
stationary. The flow of cold water increases and the flow
of hot water remains the same resulting in an increase
in flow rate and a decrease in temperature of the outlet
water.

[0169] With both flow control valves 9, 10 open, the
actuator 22 is operated to move the valve member as-
sembly 12 of the first flow control valve 9 towards the
closed position and the second actuator 22’ is kept sta-
tionary. The flow of cold water reduces and the flow of
hot water remains the same resulting in a decrease in
flow rate and an increase in temperature of the outlet
water.

[0170] With both flow control valves 9, 10 open, the
actuator 22 is kept stationary and the actuator 22’ is op-
erated to move the valve member assembly 12’ of the
second flow control valve 10 to open further the flow con-
trol valve 10. The flow of cold water remains the same
and the flow of hot water increases resulting in an in-
crease in flow rate and an increase in temperature of the
outlet water.

[0171] With both flow control valves 9, 10 open, the
actuator 22 is kept stationary and the actuator 22’ is op-
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erated to move the valve member assembly 12’ of the
second flow control valve 10 towards the closed position.
The flow of cold water remains the same and the flow of
hot water reduces resulting in a decrease in flow rate and
a decrease in temperature of the outlet water.

Adjust flow control valves together to change flow rate
and maintain temperature

[0172] With both flow control valves 9, 10 open, the
temperature of the outlet water can be kept substantially
constant while changing the flow rate by operating the
first and second actuators 22, 22’ together to move the
valve member assemblies 12, 12’ of both flow control
valves 9, 10 in the same direction by the same amount
so that the ratio of cold water to hot water delivered to
the mixing chamber 11 remains substantially constant
thus maintaining a constant temperature of the outlet wa-
ter with a change in flow rate of the outlet water.

[0173] Thus, with both flow control valves 9, 10 open,
if both valve member assemblies 12, 12’ are moved to
open further the flow control valves 9, 10 the flow rate
will increase, and if both valve member assemblies 12,
12’ are moved towards the closed position the flow rate
will decrease without changing the temperature of the
outlet water.

Adjust flow control valves together to change tempera-
ture and maintain flow rate

[0174] With both flow control valves 9, 10 open, the
flow rate can be kept substantially constant while chang-
ing the temperature by operating the first and second
actuators 22, 22’ together to move the valve member
assemblies 12, 12’ of both flow control valves 9, 10 in
opposite directions by the same amount so that the ratio
of cold water to hot water delivered to the mixing chamber
11 changes but the total volume of water remains the
same thus maintaining a constant flow rate with a change
in temperature of the outlet water.

[0175] Thus, with both flow control valves 9, 10 open,
if the valve member assembly 12 of the first flow control
valve 9 is moved to open further the first flow control valve
9 while simultaneously the valve member assembly 12’
of the second flow control valve 10 is moved towards the
closed position, the flow rate will remain the same but
the temperature of the outlet water will decrease.
[0176] Similarly, with both flow control valves 9, 10
open, if the valve member assembly 12’ of the second
flow control valve 10 is moved to open further the second
flow control valve 10 while simultaneously the valve
member assembly 12 of the first flow control valve 9 is
moved towards the closed position, the flow rate will re-
main the same but the temperature of the outlet water
will increase.

[0177] As will be apparent from the description of the
exemplary embodiment of mixer valve 1 shown in FIG-
URES 1 to 4, the configuration of the valve member as-
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semblies 12, 12’ of the flow control valves controlling the
flow of cold water and hot water to the mixing chamber
is such that the valve member assemblies 12, 12’ are
essentially "force balanced" with respect to the fluid flow.
In other words, substantially no net force is exerted on
the valve member assemblies 12, 12’ by the fluid flow
and the actuating force to move the valve member as-
semblies 12, 12’ for operating the flow control valves 9,
10 when controlling the mixer valve 1 is substantially in-
dependent of fluid flow.

[0178] As aresult, the actuating force can be reduced
compared to valves where there is a significant imbal-
ance of the forces due to fluid flow. Thus, the actuating
force to move the valve member assemblies 12, 12’ only
has to overcome factors such as friction between the
valve seats 15 and the seals 20a, 20b, 20a’, 20b’ on the
valve members 18a, 18b, 18a’, 18b’ and between the
spools 19, 19° and the bores 21, 21’ and between the
spool connector portions 23, 23’ and the seals 24, 24’.
[0179] By way of example only, in many water supply
systems and installations in the United Kingdom the wa-
ter pressure is in the range 1 to 10 bar and is typically
around 3 bar. If a single valve member is used to control
flow through an opening, there is a force imbalance
across the valve member due to fluid flow which has to
be overcome by the actuating force in addition to any
other factors such as friction. For an opening have a di-
ameter of 9mm this force imbalance is approximately 60
Newtons at a water pressure of 10 bar and approximately
18 Newtons at a water pressure of 3 bar.

[0180] By replacing a single opening with a diameter
of 9mm with two openings each having a diameter of
6mm we can achieve similar flow rates to that provided
by the single opening oflarger diameter and, by balancing
the effect of fluid flow on the valve members, we can
reduce the size (power) of the stepper motors required
to move the valve members as the stepper motors no
longer have to overcome the force imbalance that exists
when using a single valve member.

[0181] Thus by employing force balanced valve as-
semblies, not only can the size of the flow control open-
ings be reduced but the size of the stepper motors to
drive the valve assemblies can also be reduced. This in
turn also enables the overall size of the mixer valve 1 to
be reduced.

[0182] Again by way of example, using flow control
openings having a diameter of 6mm we can achieve a
reduction in size of the mixer valve whereby the housing
2 may have dimensions of 65 mm x 30 mm x 15 mm. By
way of comparison prior art mixer valves as shown in
FIGURES 12 and 13 typically have dimensions of around
180 mm x 130 mm x 85 mm while prior art electronic
mixer valves as shownin FIGURES 14 and 15 that control
temperature only and require separate control of flow rate
typically have dimensions of around 230 mm x 210 mm
X 55 mm.

[0183] By reducing the size of the mixer valve 1, the
size of the waterways within the mixer valve 1 and thus
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the volume of water present in the mixer valve 1 and the
available surface area in contact with the water for bio-
film to form and bacteria to grow can be reduced. Fur-
thermore, by reducing the size of the mixer valve, it may
be possible to manufacture the mixer valve, especially
parts of the housing 2 forming the waterways and the
flow control valves 9, 10 within the waterways, from metal
rather than plastics. In particular, parts that come into
contact with the water within the mixer valve can be made
of brass. Brass contains copper that kills present bacteria
in the water thereby reducing and possibly eliminating
the formation of bio-films on the surface of the waterways
and flow control valves 9, 10.

[0184] A further benefit of reducing the size of the wa-
terways within the valve is that the occurrence of trapped
areas where water may collect and allow bacteria to grow
and/or form bio-films on surfaces within the valve may
be reduced. Also the waterways may be configured to
promote turbulent flow and high flow velocity through the
valve. This is not only desirable for mixing the hot and
cold flows for accurate sensing of the temperature of the
outlet water but also assists in preventing formation of
bio-films on the exposed surfaces ofthe waterways within
the valve and may even assist in removing any bio-films
that are formed, for example as may occur when the valve
is not in use, i.e. when there is no flow of water through
the valve, and bacteria present in the water remaining in
the valve from the previous use of the valve may grow
and attach to the exposed surfaces.

[0185] To further reduce the health risk from bacteria
present in the water, it may be desirable to carry out a
disinfection routine at regular intervals to kill and remove
(or reduce to acceptable levels) any bacteria and bio-film
within the valve. Such disinfection routine may involve
fully opening the flow control valve 10 connected to the
supply of hot water and passing water at an elevated
temperature through the valve 1 for sufficient time to kill
and remove any bacteria and bio-film within the valve.
Typically this may involve passing water having a tem-
perature of at least 65°C through the valve for atleast 10
minutes although this is by no way limiting and different
routines with different water temperatures and/or dura-
tion may be employed.

[0186] Other disinfection routines may be employed
alongside or in place of thermal disinfection with hot wa-
ter. For example, FIGURES 5 and 6 show a modification
to the mixer valve 1 of FIGURES 1 to 4 to include an
electrical heater 25 and like reference numerals are used
to indicate corresponding parts.

[0187] The water inlets 4, 6 are provided on one face
26 of the body 2 of the housing and an electrical heater
25 is located in a bore 27 within the body of the housing
2 on the opposite face 28 and is surrounded by a ther-
mally conductive potting compound 29 for transferring
heat from the heater 25 to the metal body of the housing
2. The use of electrical heating for the disinfection routine
is suitable as the valve 1 already has an electrical supply
for operating the actuators.
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[0188] The heater 25 may be employed in a thermal
disinfection cycle to heat the metal parts of the housing
2 and the flow control valves 9, 10 within the housing 2
(one only shown in FIGURE 6) that contact the water to
an elevated temperature sufficient to kill any bacteria
present in the water and/or any bio-film formed on the
exposed surfaces of the waterways within the valve. By
reducing the size of the valve 1, the thermal mass of the
metal parts to be heated may be significantly reduced
and a low power electrical heater (approximately 10 watt)
may be sufficient to heat the metal parts of the housing
2 and flow control valves 9, 10 to an elevated temperature
of 70°C to 80°C for 5 minutes which may be sufficient for
this purpose.

[0189] An advantage of this method compared to the
thermal disinfection with hot water is that all of the metal
parts of the housing and the flow control valves 9, 10 are
heated whereas thermal disinfection with hot water may
not be effective in those areas that do not come into con-
tact with the hot water supply. A temperature sensor (not
shown) such as a thermistor may be provided to monitor
the temperature during the disinfection cycle and control
the power input to the electrical heater 25 to control the
disinfection temperature and prevent overheating the
housing 2 and flow control valves 9, 10 which may dam-
age any parts not made of metal such as the seals.
[0190] The housing 2 is preferably insulated so that
exposed external surfaces are not heated to a high tem-
perature. In this way, the risk of a user touching any part
of the valve that has been heated to the elevated tem-
perature used for the disinfection routine may be reduced
and possibly eliminated. Such insulation also improves
the efficiency of the thermal disinfection cycle by reducing
heatloss to the environment and may allow use of a lower
power heating element.

[0191] The valve 1 may be disabled during the disin-
fection cycle to prevent discharge of water from the outlet
while the metal parts of housing 2 and flow control valves
9, 10 are being heated during the disinfection cycle and/or
while they are cooling down after the disinfection cycle.
Thus, operation of the mixer valve 1 may be prevented
during the disinfection cycle and for an interval of time
after the disinfection cycle is completed to allow the valve
1 and any water in the valve to cool down and prevent
very hot water being discharged when the valve is next
used. In this way the risk of a user being scalded by very
hot water may be reduced and possibly eliminated.
[0192] The controller may respond to initiation of the
disinfection cycle to prevent operation of the valve until
it is safe. Thus, the temperature sensor for controlling
the electrical heater (or a separate sensor) may provide
feedback of temperature to the controller so that the valve
is not operable until the metal parts of the housing 2 and
flow control valves have cooled down to a safe temper-
ature. Also the sensor monitoring the outlet water tem-
perature (or a separate sensor) may provide feedback
of temperature to the controller so that the valve is not
operable until the water in the valve has cooled down to
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a safe temperature. Any suitable form of electrical heat-
ing may be employed.

[0193] Referring now to FIGURE 7, a mixer valve 1 is
shown with a controller 55 for controlling operation of the
valve 1. The mixer valve 1 is similar to previous embod-
iments and like reference numerals are used to indicate
similar parts. The controller 55 provides control signals
to control actuation of the actuators 22, 22’ of the first
and second flow control valves (not visible) to adjust the
positions of the valve member assemblies (not visible)
to control the flow rate and temperature of the outlet water
delivered to the outlet 8 as described previously.

[0194] The controller 55 may be an electronic controller
with control circuitry that may include a microprocessor
or similar electronic controller mounted on a control panel
56 such as a printed circuit board. The controller 55 may
include an interface (not visible) to allow a user to select
a required flow rate and/or temperature of the outlet wa-
ter. The interface may be a physical interface including
one or more rotatable knobs or linear sliders or push but-
tons for selecting flow rate and/or temperature. Alterna-
tively, the interface may be a virtual interface that uses
touch screen technology or the like. The interface may
include a display for providing a visual indication of the
flow rate and/or temperature. The display may be a digital
display of numerical values and/or visual display such as
an array of lights. The controller 55 receives the user’s
setting from the interface and sends control signals to
the actuators 22, 22’ to operate the flow control valves
as described in connection with previous embodiments
to achieve the selected temperature and flow rate of the
outlet water.

[0195] One example of an interface such as that de-
scribed in the preceding paragraph is illustrated in FIG-
URE 16. As illustrated, a plumbing fixture 300 (e.g., a
shower head, faucet, tub spout, etc.) that includes, for
example, an interface 310 (i.e., a user interface) in the
form of a touchscreen that includes a display 320 (illus-
trated as showing a current temperature of water, such
as the current temperature of water exiting a plumbing
fixture or other component), an on/off switch 330, and
controls 332, 334, 336, and 338. The display can be con-
figured to display any of a variety of information (e.g., the
temperature in degrees Fahrenheit or degrees Celsius
of hot and cold water entering a mixing valve, the tem-
perature of water leaving the mixing valve or of a spout
orother structure, the flow rate of water leaving the mixing
valve or of a spout or other structure, or other values that
may be relevant to the user’s use of the interface in con-
junction with the plumbing fixtures and fittings described
inthe present application). The on/off switch may be used
to switch on and off the display of the interface and/or
may be used to turn on and off the flow of water or other
fluid from the plumbing fixture, plumbing fitting, etc. The
controls 332, 334, 336, and 338 may be configured to
allow a user to adjust the flow rate and/or temperature
of the water. For example, controls 332 and 334 may be
configured to allow a user to increase or decrease tem-
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perature of water provided by a faucet, and controls 336,
338 may allow the user to adjust the flow rate of that
water. According to another exemplary embodiment,
controls 332 and 334 may be configured to allow a user
to increase or decrease the flow rate of the water and
controls 336, 338 may allow the user to adjust the tem-
perature of that water. Of course, according to other ex-
emplary embodiments, an interface may include only one
of temperature or flow control (e.g., only temperature
control, only flow control) such that the other of temper-
ature or flow control may be provided by other compo-
nents (e.g., faucet handle(s), remote controllers, etc.).
According to other exemplary embodiments, the inter-
face may include mechanical switches and/or knobs in-
stead of utilizing a interface. Also, in addition to the func-
tions described above, the interface can include controls
for other features (e.g., to initiate, stop, and control a
cleaning or disinfecting cycle for the mixing valve and/or
plumbing fixture, as described herein, for example, with
respect to an embodiment in which the mixing valve in-
cludes a heating element for heating a body of the mixing
valve).

[0196] According to various exemplary embodiments,
the interface 310 may be provided in any desired location
(e.g.,onorcoupledtoasurface, such as an outer surface,
of the plumbing fixture (e.g., on a spout or escutcheon
of a faucet, etc.), at a location remote from the plumbing
fixture and in communication with the mixing valve, which
may be within the plumbing fixture our outside of the
plumbing fixture, etc.). For example, examples of possi-
ble locations are shown, for example, in FIGURES 9a-
9b and FIGURE 11a, although it should be understood
that other locations are possible according to other ex-
emplary embodiments. For example, the portion of the
plumbing fixture 300 illustrated in FIGURE 16 may be a
handle of a shower head such as the shower head 50
shown in FIGURE 8a, which would allow a user to use
one hand both to manipulate the shower head and to
control the flow rate and/or temperature (e.g., the inter-
face may be accessible on an outer surface of the stem
or handle of the shower head or on a spray head of the
shower head). According to another exemplary embod-
iment, the portion of the plumbing fixture 300 illustrated
in FIGURE 16 may be a spout or other component of a
faucet. According to another exemplary embodiment, the
interface may be positioned remotely from the plumbing
fixture but may be configured to communicate with a con-
troller to control the mixing valve for the plumbing fixture
that is located within the plumbing fixture.

[0197] The controller 55 may be programmable and
may include a memory for storing different settings of
temperature and/or flow rate of the outlet water that may
be set via the interface and selected by a user via the
interface. The controller 55 may allow selection of a dis-
infection cycle and may collect and store details of the
disinfection cycle. For example, in plumbing fixtures and
fittings and water supply systems and installations that
require regular disinfection, the memory may record
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when the disinfection cycle is carried out and the tem-
perature of the outlet water and the duration of the dis-
infection cycle which may be used to check that the dis-
infection routine has been carried out and has been suc-
cessful.

[0198] The interface may be incorporated into the
plumbing fixture or fitting. Alternatively or additionally,
the interface may be incorporated into a remote control
that communicates with the controller 55 via a wired or
wireless connection. For example, where the mixer valve
1 is incorporated in a plumbing fixture or fitting that, in
use, is out of reach of the user, the controller 55 may
receive control signals via a wired or wireless link from
an interface mounted remotely from the mixer valve 1.
In one form of wireless link, the interface may include a
wireless transmitter and the controller may include a wire-
less receiver to receive control signals, for example radio
frequency signals, representative of a user’s selected in-
put via the interface.

[0199] By reducing the size of the mixer valve 1, the
mixer valve 1 may be configured for supplying water for
a range of different applications including hand washing,
showering and bathing. Thus mixer valves for supplying
water for hand washing may typically be required to have
a flow coefficient (C-value) of 0.5 to 1.0 corresponding
to flow rates of 5 to 10 liters per minute at a pressure of
1 bar, while mixer valves supplying water for showering
may typically be required to have a flow coefficient of 1.0
to 3.0 corresponding to flow rates of 10 to 30 liters per
minute at a pressure of 1 bar and mixer valves for sup-
plying water for bath filling may typically be required to
have a flow coefficient of 3.0 to 5.0 corresponding to flow
rates of 30 to 50 liters per minute at 1 bar.

[0200] We have found that using flow control openings
have a diameter of 6mm we can achieve a flow coefficient
(C-value) of around 2.5 corresponding to a flow rate of
25 liters per minute at 1 bar when both flow control valves
9, 10 are in the mid-open position (FIGURE 4). In this
way, the mixer valve 1 can meet the flow requirements
for hand washing, showering and bath filling.

[0201] The flow rates for showering are provided when
both flow control valves 9, 10 are opened to the mid-open
position (FIGURE 4) and controlling temperature without
changing flow by reducing flow of one supply and increas-
ing flow of the other supply by the same amount or con-
trolling flow without changing temperature by either re-
ducing or increasing flow of both supplies by the same
amount. Flow rates for hand washing may be achieved
by opening both flow control valves 9, 10 less than the
mid-open position (FIGURE 4) and controlling tempera-
ture and/or flow rate as for showering. Higher flow rates
for bath filling can be achieved by fully opening both flow
control valves 9, 10 and controlling temperature by re-
ducing flow of the hot or cold water as necessary.
[0202] These flow rates and dimensions are provided
by way of non-limiting example and it will be understood
that different flow rates and dimensions may be em-
ployed where appropriate for the intended application of
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the mixer valve.

[0203] Various control routines may be employed for
operating the mixer valve 1 depending on the application.
Routines for showering and bath filing are now de-
scribed. These are examples only of possible routines
and are not intended to be exhaustive of all possible rou-
tines which may be used when operating the mixer valve
1.

Routine for showering

[0204] The valve member assemblies 12, 12’ of the
first and second flow control valves 9 and 10 are both
moved simultaneously and equally to the mid-open po-
sition (50% actuator travel) shown in FIGURE 4 by their
respective actuators 22, 22’ to provide a nominal flow
rate.

[0205] To change the flow rate without changing the
temperature of the outlet water, both valve member as-
semblies 12, 12’ are simultaneously moved from the mid-
open position (FIGURE 4) in the same direction either
towards the closed position to reduce flow rate ortowards
the open position to increase flow rate while maintaining
the ratio of hot and cold water to keep the temperature
of the outlet water constant.

[0206] Further changes to increase or decrease flow
from any adjusted position without changing the temper-
ature of the outlet water can be made in similar manner.
[0207] To change the outlet water temperature without
changing the flow rate from the nominal flow (50% of
actuators travel position) starting point, the valve assem-
blies 12, 12’ are simultaneously moved in opposite direc-
tions to increase one flow whilst simultaneously reducing
the other flow by an equal amount. By operating the first
and second flow control valves 9, 10 in this way, the ratio
of the hot and cold water is changed but the total flow
remains the same so that the temperature of the outlet
water can be adjusted without substantially affecting the
flow rate.

[0208] Bothtemperature and flow rate can be adjusted
in use by a combination of movement of the valve mem-
ber assemblies to change the flow rate and the temper-
ature and/or to maintain a selected flow rate or temper-
ature.

Routine for bath filling

[0209] The valve member assemblies 12, 12’ of the
first and second flow control valves 9, 10 are both moved
to the fully open positions (100% actuator travel) to
achieve the maximum flow rate.

[0210] Temperature is then controlled by reducing the
flow of hot water if the temperature of the outlet water
needs to be reduced by moving the valve member as-
sembly 12’ of the second flow control valve 10 towards
the closed position or by reducing the flow of cold water
if the temperature of the outlet water needs to be in-
creased by moving the valve member assembly 12 of
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the first flow control valve 9 towards the closed position.
[0211] Although such adjustment changes the flow
rate as well as the temperature of the outlet water, such
change is acceptable in the context of bath filling where
the user is typically not exposed directly to the flow of
water from the outlet as is usually the case when show-
ering where changes to flow and temperature are readily
detected and greater control is required, particularly to
reduce the risk of scalding by very hot water.

[0212] By reducing the size of the mixer valve 1, it may
be possible to employ the mixer valve 1 in situations
where it has not previously been possible to use existing
mixer valves. In particular, the small size of the mixer
valve 1 as discussed herein opens up the possibility of
incorporating the mixer valve into a wide range of plumb-
ing fixtures and fittings that could not incorporate existing
mixer valves due to their size and other constraints on
the design and installation of such plumbing fixtures and
fittings.

[0213] The mixer valve 1 may also be used to replace
mixer valves employed in existing plumbing fixtures and
fittings. Here the small size of the mixer valve 1 may allow
the size of such existing plumbing fixtures and fittings to
be reduced and/or the shape to be altered.

[0214] Thus, the mixer valve 1 increases the freedom
of designers when designing plumbing fixtures and fit-
tings and water supply systems and installations incor-
porating such plumbing fixtures and fittings that incorpo-
rate the mixer valve 1. Various examples of plumbing
fixture and fittings incorporating the mixer valve 1 are
now described. These are examples only of possible ap-
plications of the mixer valve 1 and are not intended to be
exhaustive of all possible applications in which the mixer
valve 1 may be incorporated in a plumbing fixture or fit-
ting.

[0215] Referring to FIGURES 8a and 8b, an embodi-
ment of a plumbing fitting 50 comprising a fluid delivery
device such as ashowerhead incorporating a mixervalve
1 is shown. The mixer valve 1 is similar to previous em-
bodiments and like reference numerals are used to indi-
cate corresponding parts.

[0216] The shower head 50 comprises a moveable
handset and includes a stem 51 that can be inserted into
a shower head dock within a shower enclosure (not
shown). The shower head 50 could alternatively be a
fixed shower head that is arranged to be fixed to and
project from a wall.

[0217] The shower head 50 includes a spray head 53
that provides a plurality of outlets for discharge of water
in use to provide a variety of different spray patterns. In
one arrangement, the spray head 53 has outlets in op-
posite sides and optionally on one or more side edges.
The spray head 53 can rotate within a substantially cir-
cular spray head mount 58 about diametrically opposed
pivots 59 to select an outlet for use.

[0218] According to other exemplary embodiments,
other types of spray heads may be used, including those
that are configured to provide only a single spray pattern
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and those that operate differently than the spray head 53
shown in FIGURES 8a and 8b to provide multiple spray
patterns.

[0219] The shower head stem 51 receives the mixer
valve 1 together with the controller 55. The stem 51 in-
cludes two conduits - a cold water supply conduit 54 and
a hot water supply conduit (not visible). The cold water
conduit 54 connects to the first fluid inlet 4 and the hot
water conduit connects to the second fluid inlet (not
shown) of the mixer valve 1. The fluid outlet 8 of the mixer
valve 1 is connected to the spray head 53 by an outlet
conduit 56. The outlet conduit 56 extends through the
spray head mount 58 and enters the spray head 53
through the pivots 59.

[0220] The controller 55 provides control signals to the
mixer valve 1 for controlling the flow rate and temperature
of the outlet water delivered to the spray head 53 accord-
ing to the user selection via the interface (not visible).
The interface may be arranged on the stem 51 to allow
auserto selectthe flow rate and temperature of the outlet
water they wish. The interface may be a physical interface
including one or more rotatable knobs or linear sliders or
push buttons for selecting flow rate and/or temperature.
Alternatively, the interface may be a virtual interface that
uses touch screen technology or the like. The interface
may include a display for providing a visual indication of
the flow rate and/or temperature. The display may be a
digital display of numerical values and/or visual display
such as an array of lights.

[0221] In other embodiments, the interface may be in-
corporated into a remote control that communicates with
the controller 55 via a wired or wireless link. Thus, if the
shower head 50 is of fixed type, then the controller 55
may receive control signals from an interface mounted
remotely from the shower head 50.

[0222] Referring now to FIGURES 9a and 9b, an em-
bodiment of a plumbing fitting comprising a fluid delivery
device such as a faucet 60 incorporating a mixer valve
1 is shown. The mixer valve 1 is similar to previous em-
bodiments and like reference numerals are used to indi-
cate corresponding parts.

[0223] The faucet 60 may be in the form of a tap and
includes a base 61 by which it is secured to a support
surface such as a sink or worktop (such as kitchen or
bathroom worktop). The faucet 60 includes a perforated
plate 63 that provides an outlet for the water for use. The
faucet 60 receives the mixer valve 1 together with the
controller 55. The faucet 60 has a stem portion (some-
times referred to as a "spout") and two conduits - a cold
water supply conduit 64 and a hot water supply conduit
65. The cold water conduit 64 connects to the first fluid
inlet 4 and the hot water supply connects to the second
fluid inlet (not visible) of the mixer valve 1. The fluid outlet
8 of the mixer valve 1 is connected to the plate 63 by an
outlet conduit 66.

[0224] The controller (not shown) provides control sig-
nals to the mixer valve 1 for controlling the flow rate and
temperature of the outlet water delivered to the plate 63
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according to the user selection via an interface 67 on the
base 61 to allow a user to select the flow rate and tem-
perature they wish. The interface 67 includes a touch
sensitive panel 67a for inputting settings and a display
69b which shows the water temperature. It will, be ap-
preciated that the interface 67 can be of any suitable form
for receiving user inputs for controlling the mixer valve
1. It should also be understood that similar types of user
interfaces may be employed either as part of or adjacent
to other plumbing fixtures and fitting discussed herein
(e.g., on or adjacent to a shower head or a stem thereof,
on or adjacent to a tub spout, etc.).

[0225] Conventional faucets require a valve base that
is secured to the support surface and the spout then ex-
tends from the valve base to channel the water to where
it needs to be dispensed. The present embodiment is
advantageous as the mixer valve, due to its ability to be
miniaturized (i.e. reduced in size), can be incorporated
into the spout without the need for the valve base. Also
the rectangular shape of the housing 2 provides the de-
signer with the opportunity to employ different configu-
rations for the stem portion (spout) of the faucet.

[0226] Referring now to FIGURE 10, an embodiment
of a plumbing fitting comprising a fluid delivery device
such as a fixed shower head 70 incorporating a mixer
valve 1 is shown. The mixer valve 1 is similar to previous
embodiments and like reference numerals are used to
indicate corresponding parts.

[0227] The fixed shower head 70 includes a base 71
by which it is secured to a wall or similar support surface
within a shower enclosure (not shown). The shower head
70 includes a perforated plate 72 that provides an outlet
for the water in use. The shower head 70 receives the
mixer valve 1 together with the controller 55. The shower
head 70 has two conduits - a cold water supply conduit
73 and a hot water supply conduit 74. The cold water
supply conduit 73 is connected to the first fluid inlet (not
visible) and the hot water supply conduit 74 is connected
to the second fluid inlet (not visible) of the mixer valve 1.
[0228] The mixer valve 1 is similar to the embodiment
shown in FIGURES 8a and 8b except that the controller
55 is mounted within the shower head 70 differently such
that the supply conduits 73 and 74 pass between the
mixer valve 1 and the controller 55. The fluid outlet 8 of
the mixer valve 1 is connected to the plate 72 by an outlet
conduit 76.

[0229] The controller 55 provides control signals to the
mixer valve 1 for controlling the flow rate and temperature
of the outlet water delivered to the plate 72 according to
the user selection via a remote interface (not shown) al-
lowing a user to select the flow rate and temperature they
wish. It will be appreciated that the interface can be of
any suitable form such as the interfaces disclosed herein
for receiving user inputs for controlling the mixer valve 1
and the controller 55 may be arranged to receive control
signals from the interface by a wired or wireless link for
controlling the actuators 22, 22'.

[0230] Referring now to FIGURES 11a, 11b and 11c,
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an embodiment of a plumbing fitting comprising a shower
valve 40 of the bar mixer type that incorporates an em-
bodiment of the mixer valve 1 described herein is shown.
[0231] The shower valve 40 comprises a cold water
inlet 41, a hot water inlet 42 and a blended water outlet
43. The outlet is connected to a flexible shower hose 44
that leads to a shower head (not shown) or the like. The
shower valve 40 includes a control panel 45 which con-
trols the mixer valve 1. The control panel 45 includes
controls 45a for switching the shower on and off, setting
the flow rate and the temperature of the outlet water and
alsoatemperature display 45b to display the temperature
of the outlet water. The controls 45a may include an in-
terface such as the interfaces disclosed herein.

[0232] In this embodiment, the mixing chamber 11 in-
cludes an elongate structure formed by a conduit with
the first flow control valve 9 at one end of the conduit and
the second flow control valve 10 at the other, opposed
end of the conduit. The valve outlet 43 is formed in the
conduit in between the first and second flow control
valves 9, 10.

[0233] The flow control valves 9, 10 are similar to those
described above in relation to the embodiment of FIG-
URES 1 to 4 and like reference numerals are used to
indicate corresponding parts. The first flow control valve
9 is shown in FIGURE 11c¢ and the following description
of the first flow control valve 9 also applies to the second
flow control valve 10.

[0234] In this embodiment, the flow control valve 9 has
a valve member assembly 12 with valve members 18a,
18b mounted on a spool 19 connected to an actuator 22.
The valve members 18a, 18b carry an elastomeric seal
20a, 20b that faces in a longitudinal and radial direction.
Rather than being received in the centre section of the
valve outlets 14a, 14b in the closed position as in the
embodiment of FIGURES 1 to 4, the valve members 18a,
18b are arranged to engage end sections of the valve
outlets 14a, 14b that provide the valve seats in the closed
position shown in FIGURE 11c.

[0235] The valve member 18a is disposed within the
inlet chamber 13 and engages end section 16 of the valve
outlet 14a and the valve member 18b is arranged in the
mixing chamber 11 and engages the end section 17 of
the valve outlet 14b. The valve inlet chamber 13 receives
the water from the inlet 4 and the valve members 18a,
18b are movable under the control of the actuator 22 to
open the flow control valve and control the flow of water
from the valve chamber 13 into the mixing chamber 11
in similar manner to the embodiment of FIGURES 1 to
4. The mixing chamber 11 receives water from one or
both flow control valves 9, 10 according to the operating
routine of the mixer valve 1 as described in connection
with FIGURES 1 to 4 and the water leaves the mixing
chamber 11 via outlet 43 for use.

[0236] The embodiments described above relate to
mixer valves. However, the flow control valves 9, 10 could
be used individually to control fluid flow. As an example,
the control valve 9 shown in FIGURE 11c could be em-
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ployed separately from the flow control valve 10 in any
application where it is desired to control the flow rate of
a water supply.

[0237] In such application, the mixing chamber 11 of
the shower valve 40 shown in FIGURE 11b is replaced
with an outlet chamber which directs the flow from the
outlets 14a, 14b of the flow control valve 9 to an outlet
(not shown) for the intended application. The flow control
valve 9 operates to control flow rate in similar manner to
previous embodiments. Similarly the flow control valves
9, 10 of other embodiments may be employed separately
to control flow rate.

[0238] One application for such a flow control valve
could be in an instantaneous water heater of the type in
which a supply of water is heated as it passes through a
heater tank to provide a source of hot water on demand.
In such instantaneous water heaters (sometimes re-
ferred to as continuous flow water heaters), for a given
power input to the heater tank, the temperature of the
outlet water is determined by the flow rate of the water
through the heater tank and control of flow rate may be
used to achieve and maintain a selected outlet water tem-
perature. One application for such water heaters is in an
electric shower to supply water to one or more shower
outlets such as a handset or fixed shower handset. Other
applications of the flow control valve will be apparent to
those skilled in the art.

[0239] It will be appreciated that while the embodi-
ments of the mixer valve and the flow control valve de-
scribed herein are shown as being incorporated into
plumbing fittings, they have wider application. For exam-
ple, due to the valve’s ability to be miniaturized (i.e. re-
duced in size) while maintaining a high flow rate for its
size it may have advantageous uses in process control
valves, pneumatic and hydraulic systems, medical equip-
ment or in automotive components or other components
where control of flow rate of a fluid and/or mixing of two
fluids having different characteristics is required. Thus,
mixing fluids may not be limited to fluids having different
temperatures.

[0240] As utilized herein, the terms "approximately,"
"about," "around," "substantially," and similar terms are
intended to have a broad meaning in harmony with the
common and accepted usage by those of ordinary skill
in the art to which the subject matter of this disclosure
pertains. It should be understood by those of skill in the
art who review this disclosure that these terms are in-
tended to allow a description of certain features de-
scribed and claimed without restricting the scope of these
features to the precise numerical ranges provided. Ac-
cordingly, these terms should be interpreted as indicating
that insubstantial or inconsequential modifications or al-
terations of the subject matter described and claimed are
considered to be within the scope of the invention as
recited in the appended claims.

[0241] It should be noted that the term "exemplary" as
used herein to describe various embodiments is intended
to indicate that such embodiments are possible exam-
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ples, representations, and/or illustrations of possible em-
bodiments (and such term is not intended to connote that
such embodiments are necessarily extraordinary or su-
perlative examples).

[0242] The terms "coupled," "connected," and the like
as used herein mean the joining of two members directly
or indirectly to one another. Such joining may be station-
ary (e.g., permanent) or moveable (e.g., removable or
releasable). Such joining may be achieved with the two
members or the two members and any additional inter-
mediate members being integrally formed as a single uni-
tary body with one another or with the two members or
the two members and any additional intermediate mem-
bers being attached to one another.

[0243] References herein to the positions of elements
(e.g., "top," "bottom," "above," "below," etc.) are merely
used to describe the orientation of various elements in
the FIGURES. It should be noted that the orientation of
various elements may differ according to other exemplary
embodiments, and that such variations are intended to
be encompassed by the present disclosure.

[0244] It is important to note that the construction and
arrangement of the mixer valves and related assemblies
as shown in the various exemplary embodiments is illus-
trative only. Although only a few embodiments have been
described in detail in this disclosure, those skilled in the
art who review this disclosure will readily appreciate that
many modifications are possible (e.g., variations in sizes,
dimensions, structures, shapes and proportions of the
various elements, values of parameters, mounting ar-
rangements, use of materials, colors, orientations, etc.)
without materially departing from the novel teachings and
advantages of the subject matter described herein. For
example, elements shown as integrally formed may be
constructed of multiple parts or elements, the position of
elements may be reversed or otherwise varied, and the
nature or number of discrete elements or positions may
be altered or varied. The order or sequence of any proc-
ess or method steps may be varied or re-sequenced ac-
cording to alternative embodiments.

[0245] Features of any of the embodiments may be
employed separately or in combination with any other
feature(s) of the same or different embodiments and the
disclosure extends to and includes all such arrangements
whether or not described herein.

[0246] Other substitutions, modifications, changes
and omissions may also be madein the design, operating
conditions and arrangement of the various exemplary
embodiments without departing from the scope of the
inventions described herein.

[0247] Thefollowing clauses (these are not claims) are
provided to illustrate various aspects and features of the
invention:

1. A mixing valve for use in controlling the mixture
of two supplies of water having different tempera-
tures, the mixing valve comprising:
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a cold water inlet configured to receive a supply
of cold water;

a hot water inlet configured to receive a supply
of hot water;

an outlet configured to output cold water or hot
water or a mixture thereof from the mixing valve;
a first flow control valve for controlling the flow
of cold water from the cold water inlet to the wa-
ter outlet;

a second flow control valve for controlling the
flow of hot water from the hot water inlet to the
water outlet;

wherein each of the firstand second flow control
valves include a valve inlet communicating with
the associated waterinlet, first and second valve
outlets communicating with the water outlet, and
a valve member assembly to control the flow of
water through the first and second valve outlets;
wherein each valve member assembly includes
a first valve member configured to engage with
a first valve seat associated with the first valve
outlet in a closed position of the flow control
valve and a second valve member configured
to engage with a second, separate, valve seat
associated with the second valve outlet in the
closed position of the flow control valve;
wherein the first valve member is configured to
be urged closed by water entering through the
valve inlet and the second valve member is con-
figured to be urged open by water entering
through the valve inlet such that, when in use,
water flowing through the first flow control valve
exerts substantially no net force on the valve
member assembly of the first flow control valve
and water flowing through the second flow con-
trol valve exerts substantially no net force on the
valve member assembly of the second flow con-
trol valve.

2. The mixing valve of clause 1, wherein the valve
inlet of each flow control valve is located between
the first valve member and the second valve member
of the valve member assembly.

3. The mixing valve of clause 1, wherein each flow
control valve includes an inlet chamber and the valve
inlet of each flow control valve opens into the inlet
chamber.

4. The mixing valve of clause 1, wherein the first and
second valve outlets of each flow control valve are
arranged at opposite ends of the inlet chamber.

5. The mixing valve of clause 1, wherein the mixing
valve includes a mixing chamber in fluid communi-
cation with the water outlet, and wherein the mixing
chamber is arranged to receive water from the first
and second valve outlets of each flow control valve.
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6. The mixing valve of clause 1, wherein the first and
second valve outlets are of similar size.

7. The mixing valve of clause 1, wherein the first and
second valve outlets are axially aligned.

8. The mixing valve of clause 1, wherein the first and
second valve members of each valve member as-
sembly are connected to a spool that is coupled to
an actuator which controls the position of the valve
members relative to their respective valve seats.

9. The mixing valve of clause 8, wherein the actuator
comprises an electrically powered motor.

10. The mixing valve of clause 9, wherein the motor
comprises a stepper motor.

11. The mixing valve of clause 1, wherein the first
and second valve seats are located within the first
and second valve outlets.

12. The mixing valve of clause 1, wherein the first
and second valve seats include a cylindrical bore
portion of the valve outlets in which the first and sec-
ond valve members are slidably received in the
closed position.

13. The mixing valve of clause 1, wherein the first
and second valve seats are located at one end of
the first and second valve outlets.

14. The mixing valve of clause 1, wherein the first
and second valve seats include an end face of the
valve outlets against which the firstand second valve
members seat in the closed position.

15. The mixing valve of clause 1, wherein each flow
control valve includes an inlet chamber and the valve
inlet of each flow control valve opens into the inlet
chamber and wherein the first valve member of the
valve member assembly of each flow control valve
isreceivedinthe associated inlet chamberinan open
position of the flow control valve and the second
valve member is received in a mixing chamber in the
open position of the flow control valve.

16. The mixing valve of any one of clauses 1-15,
wherein the mixing valve includes a housing that
houses the first and second flow control valves and
includes apertures that form the cold water inlet, the
hot water inlet and the water outlet.

17. The mixing valve of clause 16, wherein the hous-
ing is made of metal or alloy and includes an elec-
trically powered heating device for thermally disin-
fecting the mixing valve.
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18. The mixing valve of clause 17, wherein the mixing
valve has an associated controller that is configured
to disable operation of the mixing valve to prevent
discharge of water during athermal disinfection cycle
in which the electrically powered heating device is
active.

19. The mixing valve of clause 18, wherein the elec-
trically powered heating device is configured to heat
the housing to a temperature sufficient to disinfect
waterways within the housing.

20. The mixing valve of any one of clause 1-15, fur-
ther comprising a controller configured to control the
first and second flow control valves in response to
at least one of water temperature or flow rate.

21. The mixing valve of any one of clauses 1-15,
further comprising a sensor device configured to
monitor at least one of the temperature or flow rate
of the water output from the outlet and a controller
configured to control the flow control valves to
achieve and maintain at least one of a user selected
outlet water temperature or flow rate.

22. The mixing valve of any one of clauses 1-15,
further comprising a sensor device configured to
monitor at least one of the hot or cold water temper-
ature or the flow rate of the water output from the
outlet and a controller configured to control the flow
control valves to achieve and maintain at least one
of a user selected outlet water temperature or flow
rate.

23. A mixing valve comprising:

a first inlet for receiving a first fluid;

a second inlet for receiving a second fluid; and
a mixing chamber having a fluid outlet for out-
putting the first fluid or the second fluid or a mix-
ture thereof;

wherein the mixing valve includes a first flow
control valve for controlling the flow of the first
fluid into the mixing chamber and a second flow
control valve, separate from the first flow control
valve, for controlling the flow of the second fluid
into the mixing chamber, wherein at least one
of the first or second flow control valve includes
at least two separate outlets into the mixing
chamber.

24. The mixing valve of clause 23, wherein both the
first flow control valve and the second flow control
valve each include at least two separate outlets into
the mixing chamber.

25. The mixing valve of clause 23, wherein each flow
control valve comprises an elongated valve inlet



49 EP 3 284 990 A1 50

chamber having a valve inlet and two separate valve
outlets formed at substantially opposite ends of the
valve inlet chamber.

26. The mixing valve of clause 25, wherein the valve
inlet is located between the valve outlets.

27. The mixing valve of clause 25, wherein the first
valve member is received in the valve inlet chamber
in an open position of the flow control valve and the
second valve member is received in the mixing
chamber in the open position of the flow control
valve.

28. The mixing valve of clause 25, wherein each flow
control valve includes a valve member assembly in-
cluding a first valve member adapted to engage with
a first valve seat associated with a first of the two
valve outlets in a closed position of the flow control
valve and a second valve member adapted to en-
gage with a second, separate, valve seat associated
with a second of the two valve outlets in the closed
position of the flow control valve.

29. The mixing valve of clause 28, wherein the first
valve memberis arranged to be urged closed by fluid
entering the valve inlet chamber through the valve
inlet and the second valve member is arranged to
be urged open by fluid entering the valve inlet cham-
ber through the valve inlet.

30. The mixing valve of clause 29, wherein the first
and second valve members of each flow control
valve are connected to a spool coupled to an actuator
which controls the position of the valve members rel-
ative to their respective valve seats.

31. The mixing valve of clause 30, wherein the ac-
tuator is an electrically powered motor.

32. The mixing valve of clause 31, wherein the motor
is a stepper motor.

33. The mixing valve of clause 28, wherein the valve
member assembly is balanced such that fluid flowing
through the flow control valve exerts substantially no
net force on the valve member assembly.

34. The mixing valve of clause 28, wherein the valve
seats are located within the valve outlets.

35. The mixing valve of clause 34, wherein the valve
seats include a cylindrical bore portion of the valve
outlets in which the valve members are slidably re-
ceived in the closed position.

36. The mixing valve of clause 28, wherein the valve
seats are located at one end of the valve outlets.
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37. The mixing valve of clause 28, wherein the valve
seats include an end face of the valve outlets against
which the valve members seat in the closed position.

38. The mixing valve of any one of clauses 23-37,
wherein the at least two separate outlets are of sim-
ilar size.

39. The mixing valve of any one of clauses 23-37,
wherein the at least two separate outlets are axially
aligned.

40. The mixing valve of any one of clauses 23-37,
wherein the mixing valve includes a housing that
houses the first and second flow control valves and
includes apertures that form the first fluid inlet, the
second fluid inlet, and the fluid outlet.

41. The mixing valve of clause 40, wherein the hous-
ing is made of metal or an alloy and includes an elec-
trically powered heating device configured to ther-
mally disinfect the mixer valve.

42. The mixing valve of clause 41, further comprising
a controller configured to prevent discharge of water
from the mixing valve when the electrically powered
heating device is active.

43. The mixing valve of any one of clauses 23-37,
wherein the first and second flow control valves are
configured to be connected to supplies of hot and
cold water, respectively, and further comprising a
controller for controlling the mixing valve in response
to at least one of water temperature and flow rate.

44. The mixing valve of any one of clauses 23-37,
further comprising a sensor configured to monitor at
least one of the temperature or flow rate of the outlet
water and a controller configured to control at least
one of a user-selected outlet water temperature or
flow rate.

45. The mixing valve of any one of clauses 23-37,
further comprising a sensor configured to monitor at
least one of the temperature of supplies of hot and
cold water or the flow rate of the outlet water or flow
rate of the outlet water and a controller configured
to control at least one of a user-selected outlet water
temperature or flow rate.

46. The mixing valve of clause 23, wherein:

the first flow control valve has two outlets for
controlling the flow of the first fluid from the first
inlet into the mixing chamber, wherein the first
inlet is between the two outlets of the first flow
control valve; and

the second flow control valve has two outlets for
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controlling the flow of the second fluid from the
second inlet into the mixing chamber, wherein
the second inlet is between the two outlets of
the second flow control valve.

47. The mixing valve of clause 46, wherein each flow
control valve includes a valve member assembly in-
cluding a first valve member adapted to engage with
a first valve seat associated with a first of the two
valve outlets in a closed position of the flow control
valve and a second valve member adapted to en-
gage with a second, separate, valve seat associated
with a second of the two valve outlets in the closed
position of the flow control valve.

48. The mixing valve of clause 47, wherein the first
valve member is configured to be urged closed and
the second valve member is configured to be urged
open by the first fluid from the first inlet.

49. The mixing valve of clause 47, wherein the first
and second valve members of each flow control
valve are connected to a spool coupled to an actuator
which controls the position of the valve members rel-
ative to their respective valve seats.

50. The mixing valve of clause 49, wherein the ac-
tuator is an electrically powered stepper motor.

51. The mixing valve of clause 46, wherein the two
outlets of each of the flow control valves are of similar
size and are axially aligned.

52. A mixing valve comprising:

an inlet;

a flow control valve comprising a valve member
assembly comprising a first valve member cou-
pled to a second valve member, wherein the first
and second valve members are spaced apart
from each other and are configured to seal two
separate outlets when the flow control valve is
in a closed position; and

a stepper motor configured to simultaneously
move the first and second valve members to se-
lectively seal or unseal the two separate outlets.

53. The mixing valve of clause 52, wherein the first
valve member is configured to engage a first valve
seat to close afirstoutletand the second valve mem-
ber is coupled to the first valve member and is con-
figured to engage with a second, separate valve seat
to close a second outlet.

54. The mixing valve of clause 52, wherein the first
valve member is configured to engage a first valve
seat and the second valve member is configured to
engage a second, separate valve seat.
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55. The mixing valve of clause 52, wherein the flow
control valve comprises a spool, and wherein the
first and second valve members are coupled to the
spool and are each configured to engage a separate
valve seat when the flow control valve is in the closed
position so as to seal the two separate outlets.

56. The mixing valve of any one of clauses 52-55,
wherein the inlet is located between the firstand sec-
ond valve members.

57. The mixing valve of clause 56, wherein fluid flow-
ing through the flow control valve exerts substantially
no net force on the valve member assembly.

58. The mixing valve of any one of clauses 52-55,
wherein the first valve member is configured to be
urged closed by fluid entering through the inlet and
the second valve member is configured to be urged
open by fluid entering through the inlet.

59. The mixing valve of any one of clauses 52-55,
wherein the two separate outlets are axially aligned.

60. The mixing valve of any one of clauses 52-55,
wherein the two separate outlets are of similar size.

61. The mixing valve of any one of clauses 52-55,
wherein the mixing valve includes a housing contain-
ing the fluid control valve and a heating element con-
figured to heat the housing to disinfect at least one
internal waterway of the mixing valve.

62. The mixing valve of any one of clauses 52-55,
wherein the mixing valve includes an additional inlet,
an additional flow control valve associated with the
additional inlet and having the same configuration
as the flow control valve, and an additional stepper
motor associated with the additional flow control
valve.

63. The mixing valve of clause 62, further comprising
a mixing chamber configured to receive fluids from
the outlets of the flow control valves.

64. The mixing valve of clause 63, wherein the mixing
valve includes a housing and a heating element con-
figured to heat the housing to disinfect at least one
internal surface of the mixing valve.

65. The mixing valve of clause 64, wherein the at
least one internal surface of the mixing valve is a
surface of the mixing chamber.

66. The mixing valve of any one of clauses 52-55,
wherein the mixing valve has a size thatis configured
to allow the mixing valve to be located within a body
of a plumbing fixture.
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67. The mixing valve of clause 66, wherein mixing
valve has a size that is configured to allow the mixing
valve to be located within a spout of a faucet.

68. The mixing valve of clause 66, wherein mixing
valve has a size that is configured to allow the mixing
valve to be located within a neck of a showerhead.

69. A mixing valve comprising:

a mixing chamber;

afirstflow control valve having a first flow control
opening; and

a second flow control valve having a second flow
control opening;

wherein the first and second flow control open-
ings each have a diameter of approximately six
millimeters and the mixing valve has a flow co-
efficient of approximately 2.5 when both flow
control valves are in a mid-open position.

70.The mixing valve of clause 69, wherein the mixing
valve has a flow rate of approximately 25 liters per
minute at 1 bar when both flow control valves are in
the mid-open position.

71. A mixing valve comprising:

a mixing chamber;

afirstflow control valve having a first flow control
opening; and

a second flow control valve having a second flow
control opening;

wherein the first and second flow control open-
ings each have a diameter of approximately six
millimeters and the mixing valve has a flow rate
of up to approximately 25 liters per minute at
approximately 1 bar when both flow control
valves are in a mid-open position.

72.The mixing valve of clause 71, wherein the mixing
valve has a flow coefficient of up to approximately
2.5 whenboth flow control valves are inthe mid-open
position.

73. The mixing valve of any of clauses 69-72, where-
in the mixing valve has a housing with a length di-
mension, a width dimension, and a thickness dimen-
sion, and wherein the largest of these dimensions is
no more than approximately 65 millimeters.

74.The mixing valve of any of clauses 69-72, where-
in each of the flow control valves comprise a valve
member assembly configured such that, when in
use, fluid flowing through the valve exerts substan-
tially no net force on the valve member assembly.

75. The mixing valve of any of clauses 69-72, where-
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in each of the flow control valves are substantially
force balanced with respect to the force of fluid flow-
ing through the flow control valves.

76. The mixing valve of any of clauses 69-72, where-
in each of the flow control valves comprises a valve
member assemblies include two valve members
spaced apart by a spool that is controlled by a linear
actuator, wherein each of the two valve members
are configured to engage a separate valve seatin a
closed position for the associated flow control valve.

77. The mixing valve of clause 76, wherein each of
the flow control valves comprise two openings into
the mixing chamber and the two valve members of
the valve member assemblies are each associated
with one of the two openings into the mixer chamber.

78. The mixing valve of clause 76, wherein the first
valve opening is located between the two valve
members of the first flow control valve.

79. The mixing valve of clause 78, wherein the first
of the two valve members of the first flow control
valve is configured to be urged closed by fluid enter-
ing the first flow control opening and the second of
the two valve members of the first flow control valve
is configured to be urged open by the fluid entering
the first valve flow control opening.

80. The mixing valve of any of clauses 69-72, where-
in the mixing valve has a housing made of a metallic
material.

81. The mixing valve of any of clauses 69-72, where-
in the mixing valve has a size that allows it to be
located within a spout of a faucet.

82. The mixing valve of any of clauses 69-72, where-
in the mixing valve comprises a heater extending
through a portion thereof for heating at least a portion
of the mixing valve to kill organisms that may be
present within the mixing valve.

83. A plumbing fixture comprising:

a mixing valve provided within a body of the
plumbing fixture and comprising a cold water in-
let, a hot water inlet, and a water outlet config-
ured to output cold water or hot water or a mix-
ture thereof from the mixing valve, the mixing
valve also comprising a first flow control valve
for controlling the flow of cold water from the
cold water inlet to the outlet and a second flow
control valve for controlling the flow of hot water
from the hot water inlet to the water outlet;

wherein each of the firstand second flow control
valves include a valve inlet communicating with
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the associated waterinlet, firstand second valve
outlets communicating with the water outlet, and
a valve member assembly to control the flow of
water through the first and second valve outlets;
wherein each valve member assembly includes
a first valve member configured to engage with
a first valve seat associated with the first valve
outlet in a closed position of the flow control
valve and a second valve member configured
to engage with a second, separate, valve seat
associated with the second valve outlet in the
closed position of the flow control valve;
wherein the first valve member is configured to
be urged closed by water entering through the
valve inlet and the second valve member is con-
figured to be urged open by water entering
through the valve inlet such that, when in use,
water flowing through the first flow control valve
exerts substantially no net force on the valve
member assembly of the first flow control valve
and water flowing through the second flow con-
trol valve exerts substantially no net force on the
valve member assembly of the second flow con-
trol valve.

84. The plumbing fixture of clause 83, wherein the
valve inlet of each flow control valve is located be-
tween the first valve member and the second valve
member of the valve member assembly.

85. The plumbing fixture of clause 83, wherein each
flow control valve includes an inlet chamber and the
valve inlet of each flow control valve opens into the
inlet chamber, and wherein the first and second valve
outlets of each flow control valve are arranged at
opposite ends of the inlet chamber.

86. The plumbing fixture of clause 83, wherein the
mixing valve includes a mixing chamber in fluid com-
munication with the water outlet, and wherein the
mixing chamber is arranged to receive water from
the first and second valve outlets of each flow control
valve.

87. The plumbing fixture of clause 83, wherein the
first and second valve members of each valve mem-
ber assembly are connected to a spool that is cou-
pled to an actuator which controls the position of the
valve members relative to their respective valve
seats, wherein the actuatoris an electrically powered
stepper motor and is also provided within the plumb-
ing fixture.

88. A plumbing fixture comprising:
a body; and

amixing valve provided within the body, the mix-
ing valve comprising:
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a first inlet for receiving a first fluid;

a second inlet for receiving a second fluid;
and

a mixing chamber having a fluid outlet for
outputting the first fluid or the second fluid
or a mixture thereof;

wherein the mixing valve includes afirst flow
control valve for controlling the flow of the
first fluid into the mixing chamber and a sec-
ond flow control valve, separate from the
first flow control valve, for controlling the
flow of the second fluid into the mixing
chamber, wherein at least one of the first or
second flow control valve includes at least
two separate outlets into the mixing cham-
ber.

89. The plumbing fixture of clause 88, wherein both
the first flow control valve and the second flow control
valve each include at least two separate outlets into
the mixing chamber.

90. The plumbing fixture of clause 88, wherein each
flow control valve comprises an elongated valve inlet
chamber having a valve inlet and two separate valve
outlets formed at substantially opposite ends of the
valve inlet chamber, and wherein the valve inlet is
located between the valve outlets.

91. The plumbing fixture of clause 90, wherein the
firstvalve member is received in the valve inlet cham-
ber in an open position of the flow control valve and
the second valve member is received in the mixing
chamber in the open position of the flow control
valve.

92. The plumbing fixture of clause 90, wherein each
flow control valve includes a valve member assembly
including a first valve member adapted to engage
with a first valve seat associated with a first of the
two valve outlets in a closed position of the flow con-
trol valve and a second valve member adapted to
engage with a second, separate, valve seat associ-
ated with a second of the two valve outlets in the
closed position of the flow control valve.

93. The plumbing fixture of clause 92, wherein the
first valve member is arranged to be urged closed
by fluid entering the valve inlet chamber through the
valve inletand the second valve member is arranged
to be urged open by fluid entering the valve inlet
chamber through the valve inlet.

94. The plumbing fixture of clause 93, wherein the
first and second valve members of each flow control
valve are connected to a spool coupled to an actuator
which controls the position of the valve members rel-
ative to their respective valve seats, and wherein the
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actuator is a stepper motor.

95. The plumbing fixture of clause 92, wherein the
valve member assembly is balanced such that fluid
flowing through the flow control valve exerts sub-
stantially no net force on the valve member assem-
bly.

96. A plumbing fixture comprising:

a mixing valve having a mixing chamber, the
mixing valve comprising:

a first flow control valve having two outlets
for controlling the flow of a first fluid from a
first inlet into the mixing chamber, wherein
the first inlet is between the two outlets of
the first flow control valve; and

a second flow control valve having two out-
lets for controlling the flow of a second fluid
from a second inletinto the mixing chamber,
wherein the second inlet is between the two
outlets of the second flow control valve;
wherein each flow control valve includes a
valve member assembly including a first
valve member adapted to engage with afirst
valve seat associated with a first of the two
valve outlets in a closed position of the flow
control valve and a second valve member
adapted to engage with a second, separate,
valve seat associated with a second of the
two valve outlets in the closed position of
the flow control valve.

97. The mixing valve of clause 96, wherein the first
valve member is configured to be urged closed and
the second valve member is configured to be urged
open by the first fluid from the first inlet.

98. The mixing valve of clause 96, wherein the first
and second valve members of each flow control
valve are connected to a spool coupled to an actuator
which controls the position of the valve members rel-
ative to their respective valve seats, wherein the ac-
tuator is an electrically powered motor.

99. The mixing valve of clause 96, wherein the valve
member assembly is balanced such that fluid flowing
through the flow control valve exerts substantially no
net force on the valve member assembly.

100. The mixing valve of clause 96, wherein the two
outlets of each of the flow control valves are of similar
size and are axially aligned.

101. A plumbing fixture comprising:

a mixing valve comprising:

10

15

20

25

30

35

40

45

50

55

30

a mixing chamber;

a first flow control valve having two outlets
for controlling the flow of a first fluid from a
first inlet into the mixing chamber, wherein
the first inlet is between the two outlets of
the first flow control valve; and

a second flow control valve having two out-
lets for controlling the flow of a second fluid
from a second inlet into the mixing chamber,
wherein the second inlet is between the two
outlets of the second flow control valve.

102. The plumbing fixture of clause 101, wherein
each flow control valve includes a valve member as-
sembly including a first valve member adapted to
engage with a first valve seat associated with a first
of the two valve outlets in a closed position of the
flow control valve and a second valve member adapt-
ed to engage with a second, separate, valve seat
associated with a second of the two valve outlets in
the closed position of the flow control valve.

103. The plumbing fixture of clause 102, wherein the
first valve member is configured to be urged closed
and the second valve member is configured to be
urged open by the first fluid from the first inlet.

104. The plumbing fixture of clause 102, wherein the
first and second valve members of each flow control
valve are connected to a spool coupled to an actuator
which controls the position of the valve members rel-
ative to their respective valve seats, wherein the ac-
tuator is an electrically powered motor.

105. The plumbing fixture of any one of clauses
83-104, wherein the plumbing fixture is a faucet and
the mixing valve is located within a spout of the
faucet.

106. The plumbing fixture of any one of clauses
83-104, wherein the plumbing fixture is a faucet and
the mixing valve is located above an escutcheon of
the faucet.

107. The plumbing fixture of any one of clauses
83-104, wherein the plumbing fixture is a faucet and
the mixing valve is located above a surface to which
the faucet is mounted.

108. The plumbing fixture of any one of clauses
83-104, wherein the plumbing fixture is a shower
head.

109. The plumbing fixture of clause 6, wherein the
shower head is a hand shower and the mixing valve

is located within a handle of the hand shower.

110. The plumbing fixture of any one of clauses
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83-104, wherein the plumbing fixture is a shower
head that extends from a wall and the mixing valve
is provided on the same side of the wall as the shower
head.

111. The plumbing fixture of any one of clauses
83-104, wherein the mixing valve includes a housing
made of metal or alloy and includes an electrically
powered heating device for thermally disinfecting the
mixing valve.

112. The plumbing fixture of any one of clauses
83-104, wherein the heating device extends through
a portion of the housing.

113. A shower head configured to receive a first fluid
conduit and a second fluid conduit, wherein the
shower head includes a mixer valve within a portion
thereof that is configured to receive a first fluid from
the first fluid conduit and a second fluid from the sec-
ond fluid conduit and to output the first fluid or the
second fluid or a blend of the first and second fluids
to a shower head outlet.

114. The shower head of clause 113, wherein the
mixer valve comprises a first fluid inlet adapted to
receive the first fluid from the first fluid conduit, a
second fluid inlet adapted to receive the second fluid
from the second fluid conduit, a fluid outlet, and a
first flow control valve for controlling the flow of fluid
from the first fluid inlet and a second flow control
valve for controlling the flow of fluid from the second
fluid inlet, each of the first and second flow control
valves including a valve member assembly to control
the fluid flow through the respective flow control
valve, the valve member assembly and the fluid inlet
of each of the first and second flow control valves
adapted and arranged such that, when in use, fluid
flowing through the first flow control valve exerts sub-
stantially no net force on the valve member assembly
of the first flow control valve and fluid flowing through
the second flow control valve exerts substantially no
net force on the valve member assembly of the sec-
ond flow control valve.

115. The shower head of clause 113, wherein the
mixer valve comprises a first inlet for receiving the
firstfluid, a second inlet for receiving the secondfluid,
and a mixing chamber having a fluid outlet, the mixer
valve including a first flow control valve for controlling
the flow of the first fluid into the mixing chamber and
a second flow control valve, separate from the first
flow control valve, for controlling the flow of the sec-
ond fluid into the mixing chamber, wherein at least
the first or second flow control valve includes at least
two separate outlets into the mixing chamber.

116. The shower head of clause 115, wherein both

10

15

20

25

30

35

40

45

50

55

31

the first flow control valve and second flow control
valve each include at least two separate outlets into
the mixing chamber.

117. The shower head of clause 116, wherein each
flow control valve includes a valve member assembly
including a first valve member adapted to engage
with a first valve seat associated with a first of the
two valve outlets in a closed position of the flow con-
trol valve and a second valve member adapted to
engage with a second, separate, valve seat associ-
ated with a second of the two valve outlets in the
closed position of the flow control valve.

118. The shower head of clause 113, wherein the
shower head is a fixed shower head and includes a
stem and a spray head.

119. The shower head of clause 113, wherein the
shower head comprises a movable handset that in-
cludes a spray head and a stem configured to act as
a handle for the movable handset.

120. The shower head of clause 118 or 119, wherein
the mixer valve is provided in the stem of the shower
head.

121. The shower head of clause 120, wherein the
spray head is configured to provide a plurality of dif-
ferent spray patterns.

122. The shower head of clause 118 or 119, wherein
the mixer valve is provided in the spray head.

123. The shower head of clause 113, wherein the
spray head is configured to provide a plurality of dif-
ferent spray patterns.

124. The shower head of clause 113, wherein the
first fluid conduit is configured to couple to a source
of hot water and the second fluid conduit is config-
ured to couple to a source of cold water, the sources
of hot and cold water being located outside of the
shower head.

125. The shower head of clause 113, wherein the
shower head further includes a controller configured
to control at least one of the flow rate or the temper-
ature of fluid output from the mixer valve.

126. The shower head of clause 113, further com-
prising an interface configured to allow a user of the
shower head to control at least one of the flow rate
or the temperature of fluid output from the mixer
valve.

127. The shower head of clause 126, wherein the
interface is provided on a portion of the shower head.
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128. The shower head of clause 127, wherein the
interface comprises a touch screen.

129. The shower head of clause 113, wherein the
shower head includes a stem portion in which the
first and second fluid conduits are received by the
mixer valve and at least one outlet to discharge fluid
from the mixer valve.

130. The shower head of clause 113, wherein the
mixer valve includes a plurality of linear actuators for
moving valve assemblies within the mixer valve.

131. The shower head of clause 130, wherein the
linear actuators are stepper motors.

132. The shower head of clause 113, wherein the
mixer valve further comprises an electric heating el-
ement configured to heat a body of the mixer valve
to allow a disinfecting routine to be performed to kill
organisms within the mixer valve.

133. Afaucet configured to receive afirst fluid conduit
and a second fluid conduit, wherein the faucet in-
cludes a mixer valve within a portion thereof that is
configured to receive a first fluid from the first fluid
conduit and a second fluid from the second fluid con-
duit and to output the first fluid or the second fluid or
ablend of the firstand second fluids to a faucet outlet.

134. The faucet of clause 133, wherein the mixer
valve comprises a first fluid inlet adapted to receive
the first fluid from the first fluid conduit, a second fluid
inlet adapted to receive the second fluid from the
second fluid conduit, a fluid outlet, and a first flow
control valve for controlling the flow of fluid from the
first fluid inlet and a second flow control valve for
controlling the flow of fluid from the second fluid inlet,
each of the first and second flow control valves in-
cluding a valve member assembly to control the fluid
flow through the respective flow control valve, the
valve member assembly and the fluid inlet of each
of the first and second flow control valves adapted
and arranged such that, when in use, fluid flowing
through the first flow control valve exerts substan-
tially no net force on the valve member assembly of
the first flow control valve and fluid flowing through
the second flow control valve exerts substantially no
net force on the valve member assembly of the sec-
ond flow control valve.

135. The faucet of clause 133, wherein the mixer
valve comprises a firstinlet for receiving the first fluid,
a second inlet for receiving the second fluid, and a
mixing chamber having a fluid outlet, the mixer valve
including a first flow control valve for controlling the
flow of the first fluid into the mixing chamber and a
second flow control valve, separate from the first flow
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control valve, for controlling the flow of the second
fluid into the mixing chamber, wherein at least the
first or second flow control valve includes at least
two separate outlets into the mixing chamber.

136. The faucet of clause 135, wherein both the first
flow control valve and second flow control valve each
include at least two separate outlets into the mixing
chamber.

137. The faucet of clause 136, wherein each flow
control valve includes a valve member assembly in-
cluding afirst valve member adapted to engage with
a first valve seat associated with a first of the two
valve outlets in a closed position of the flow control
valve and a second valve member adapted to en-
gage with a second, separate, valve seat associated
with a second of the two valve outlets in the closed
position of the flow control valve.

138. The faucet of clause 133, wherein the mixer
valve is provided in a spout of the faucet.

139. The faucet of clause 133, wherein the faucet
comprises a body configured to be provided above
a surface to which the faucet is mounted and the
mixer valve is provided within the body.

140. The faucet of clause 133, wherein the faucet
includes an escutcheon and a body extending out-
ward from the escutcheon, and wherein the mixer
valve is provided within the body.

141. The faucet of clause 133, wherein the faucet
includes a spray head configured to provide a plu-
rality of different spray patterns.

142. The faucet of clause 133, wherein the first fluid
conduit is configured to couple to a source of hot
water and the second fluid conduit is configured to
couple to a source of cold water, the sources of hot
and cold water being located outside of the faucet.

143. The faucet of clause 133, wherein the faucet
further includes an electronic controller configured
to control at least one of the flow rate or the temper-
ature of fluid output from the mixer valve.

144. The faucet of clause 133, further comprising an
interface configured to allow a user of the faucet to
control at least one of the flow rate or the temperature
of fluid output from the mixer valve.

145. The faucet of clause 144, wherein the interface
is provided on a portion of the faucet.

146. The faucet of clause 145, wherein the interface
is provided on a base plate of the faucet.
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147. The faucet of clause 145, wherein the interface
comprises a touch screen.

148. The faucet of clause 133, wherein the mixer
valve includes a plurality of linear actuators for mov-
ing valve assemblies within the mixer valve.

149. The faucet of clause 148, wherein the linear
actuators are stepper motors.

150. The faucet of clause 133, wherein the mixer
valve further comprises an electric heating element
configured to heat a body of the mixer valve to allow
a disinfecting routine to be performed to kill organ-
isms within the mixer valve.

151. A flow control valve comprising:

a valve inlet configured to receive a fluid;

a valve outlet configured to output the fluid; and
avalve member assembly for controlling the flu-
id flow through the flow control valve;

wherein the valve member assembly and the
valve inlet are configured such that, whenin use,
fluid flowing through the flow control valve exerts
substantially no net force on the valve member
assembly.

152. The flow control valve of clause 151, wherein
the valve member assembly comprises a first valve
member configured to engage with a first valve seat
in a closed position of the flow control valve and a
second valve member configured to engage with a
second, separate, valve seat in the closed position
of the flow control valve, wherein the first valve mem-
ber is arranged to be urged closed by fluid entering
through the valve inlet and the second valve member
is arranged to be urged open by fluid entering
through the valve inlet.

153. The flow control valve of clause 152, wherein
the valve inletis located between the first valve mem-
ber and the second valve member.

154. The flow control valve of clause 153, wherein
the valve inlet opens into a valve inlet chamber de-
fined by a chamber wall having a first valve outlet
and a second valve outlet formed therein.

155. The flow control valve of clause 154, wherein
the first valve seat is associated with the first valve
outlet and the second valve seat is associated with
the second valve outlet.

156. The flow control valve of clause 154, wherein
the first and second valve outlets are of similar size
and/or are axially aligned.
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157. The flow control valve of clause 152, wherein
the first and second valve members are connected
to a spool coupled to an actuator which controls the
position of the valve members relative to their re-
spective valve seats.

158. The flow control valve of clause 157, wherein
the actuator comprises an electrically powered step-
per motor.

159. The flow control valve of clause 154, wherein
the valve seats are located within the valve outlets.

160. The flow control valve of clause 159, wherein
the valve seats include a cylindrical bore portion of
the valve outlets in which the valve members are
slidably received in the closed position.

161. The flow control valve of clause 154, wherein
the valve seats are located at one end of the valve
outlets and the valve seats include an end face of
the valve outlets against which the valve members
seat in the closed position.

162. The flow control valve of clause 154, wherein
the flow control valve includes an outlet chamber that
includes the fluid outlet and is arranged to receive
fluid from the first and second valve outlets.

163. The flow control valve of clause 162, wherein
the first valve member is received in the valve inlet
chamber in an open position of the flow control valve
and the second valve member is received in the out-
let chamber in the open position of the flow control
valve.

164. The flow control valve of clause 151, wherein
the valve includes a housing that houses the flow
control valve and includes apertures that form the
fluid inlet and the fluid outlet.

165. The flow control valve of clause 164, wherein
the housing is made of metal or alloy and includes
an electrically powered heating device for thermally
disinfecting the valve.

166. The flow control valve of clause 165, further
comprising a controller configured to disable the
valve to prevent discharge of water during a thermal
disinfection cycle in which the electrically powered
heating device is active.

167. The flow control valve of clause 166, wherein
the thermal disinfection cycle includes a heating cy-
cle to heat the housing to a temperature sufficient to
disinfect waterways within the housing and a cool
down cycle to allow the housing and water contained
in the valve to cool down after the heating cycle.



65 EP 3 284 990 A1 66

168. The flow control valve of clause 151, wherein
the valve is connected to a supply of water and is
configured to be controlled in response to water flow
rate.

169. The flow control valve of clause 168, further
comprising a sensor device configured to monitor
flow rate of the outlet water and the controller is con-
figured to control the valve to achieve and maintain
a user selected flow rate.

170. The flow control valve of clause 151, further
comprising a valve outlet chamber having a fluid out-
let for outputting the fluid, and wherein the flow con-
trol valve includes at least two separate outlets into
the outlet chamber.

171. A water delivery device comprising:

a flow control valve comprising a valve inlet con-
figured to receive a fluid, a valve outlet config-
ured to output the fluid, and a valve member
assembly for controlling the fluid flow through
the flow control valve;

wherein the valve member assembly and the
valve inlet are configured such that, whenin use,
fluid flowing through the flow control valve exerts
substantially no net force on the valve member
assembly; and

wherein the water delivery device is selected
from the group consisting of an instantaneous
hot water heater, a faucet, and an electric show-
er.

172. The water delivery device of clause 171, where-
in the valve member assembly comprises a first
valve member configured to engage with a first valve
seat in a closed position of the flow control valve and
a second valve member configured to engage with
asecond, separate, valve seat in the closed position
of the flow control valve, wherein the first valve mem-
ber is arranged to be urged closed by fluid entering
through the valve inlet and the second valve member
is arranged to be urged open by fluid entering
through the valve inlet.

173. The water delivery device of clause 172, where-
in the firstand second valve members are connected
to a spool coupled to an actuator which controls the
position of the valve members relative to their re-
spective valve seats, wherein the actuator is an elec-
trically powered stepper motor.

174. The water delivery device of clause 172, where-
in the valve inlet is located between the first valve

member and the second valve member.

175. The water delivery device of clause 174, where-

10

15

20

25

30

35

40

45

50

55

34

in the valve inlet opens into a valve inlet chamber
defined by a chamber wall having a first valve outlet
and a second valve outlet formed therein.

176. The water delivery device of clause 175, where-
in the first valve seat is associated with the first valve
outlet and the second valve seat is associated with
the second valve outlet.

177. The water delivery device of clause 175, where-
in the first and second valve outlets are of similar
size.

178. The water delivery device of clause 175, where-
in the first and second valve outlets are axially
aligned.

179. The water delivery device of clause 175, where-
in the valve seats are located within the valve outlets
and the valve seats include a cylindrical bore portion
of the valve outlets in which the valve members are
slidably received in the closed position.

180. The water delivery device of clause 175, where-
in the valve seats are located at one end of the valve
outlets.

181. The water delivery device of clause 180, where-
in the valve seats include an end face of the valve
outlets against which the valve members seat in the
closed position.

182. The water delivery device of clause 175, where-
in the flow control valve includes an outlet chamber
that includes the fluid outlet and is arranged to re-
ceive fluid from the first and second valve outlets.

183. The water delivery device of clause 182, where-
in the first valve member is received in the valve inlet
chamber in an open position of the flow control valve
and the second valve member is received in the out-
let chamber in the open position of the flow control
valve.

184. The water delivery device of clause 171, where-
in the valve includes a housing that houses the flow
control valve and includes apertures that form the
fluid inlet and the fluid outlet.

185. The water delivery device of clause 184, where-
in the housing is made of metal or alloy and includes
an electrically powered heating device for thermally
disinfecting the valve.

186. The water delivery device of clause 185, further
comprising a controller configured to disable the
valve to prevent discharge of water during a thermal
disinfection cycle in which the electrically powered
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heating device is active.

187. The water delivery device of clause 171, where-
in the valve is connected to a supply of water and is
configured to be controlled in response to water flow
rate, and further comprising a sensor device config-
ured to monitor flow rate of the outlet water and the
controller is configured to control the valve to achieve
and maintain a user selected flow rate.

188. The water delivery device of any one of clauses
171-187, wherein the plumbing fixture is an instan-
taneous hot water heater.

189. The water delivery device of clause 188, where-
in the instantaneous hot water heater is configured
toachieve a selected outletwatertemperature based
on the flow rate of water through a heater tank.

190. The water delivery device of any one of clauses
171-187, wherein the water delivery device is a
faucet.

191. The water delivery device of any one of clauses
171-187, wherein the water delivery device is an
electric shower.

192. A plumbing fixture comprising:

a body;

a mixing valve within the body, the mixing valve
comprising a first linear actuator for controlling
a first flow control valve within the mixing valve
and a second linear actuator for controlling a
second flow control valve within the mixing
valve; and

a controller within the body and configured to
send control signals to control actuation of the
linear actuators.

193. The plumbing fixture of clause 192, wherein the
mixing valve is coupled to a first fluid delivery line
providing a first fluid and to a second fluid delivery
line providing a second fluid.

194. The plumbing fixture of clauses 192-193,
wherein the plumbing fixture is a faucet and the mix-
ing valve and controller are located within a spout of
the faucet.

195. The plumbing fixture of clauses 192-193,
wherein the plumbing fixture is a faucet and the mix-
ing valve and controller are located above an es-
cutcheon of the faucet.

196. The plumbing fixture of clauses 192-193,
wherein the plumbing fixture is a shower head.
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197. The plumbing fixture of clause 196, wherein the
shower head is a hand shower and the mixing valve
and controller are located within a handle of the hand
shower.

198. The plumbing fixture of clauses 192-193,
wherein the plumbing fixture is selected from the
group consisting of a bath tap, a sink tap, and a basin
tap.

199. The plumbing fixture of clauses 192-193,
wherein the controller includes a microprocessor
mounted on a control panel.

200. The plumbing fixture of clause 199, wherein the
control panel is a printed circuit board.

201. The plumbing fixture of clauses 192-193,
wherein the linear actuators are stepper motors.

202. The plumbing fixture of clauses 192-193,
wherein the controller comprises a user interface ac-
cessible by a user outside the body of the plumbing
fixture.

203. The plumbing fixture of clauses 192-193,
wherein the controller is programmable.

204. The plumbing fixture of clause 203, wherein the
controller comprises a memory for storing different
settings relating to at least one of temperature or flow
rate for the plumbing fixture.

205. The plumbing fixture of clause 192 or 193,
wherein the mixing valve comprises an electric heat-
ing element and the controller is configured to allow
selection of a disinfection cycle in which the electric
heating element is activated to heat the mixing valve.

206. The plumbing fixture of clause 205, wherein the
controller comprises a memory and the memory is
configured to record at least one of the time when
the disinfection cycle is carried out, the temperature
of outlet water, or the duration of the disinfection cy-
cle.

207. The plumbing fixture of clause 192 or 193,
wherein each of the first and second flow control
valves comprise an inlet and a valve member as-
sembly to control the fluid flow through the respective
flow control valve, the valve member assembly and
the inlet of each of the first and second flow control
valves configured such that, when in use, fluid flow-
ing through the first flow control valve exerts sub-
stantially no netforce on the valve member assembly
of the first flow control valve and fluid flowing through
the second flow control valve exerts substantially no
net force on the valve member assembly of the sec-
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ond flow control valve.

208. The plumbing fixture of clause 192 or 193,
wherein the mixing valve further comprises a mixing
chamber and each of the flow control valves com-
prises two valve outlets in communication with the
mixing valve for controlling flow of fluids from the first
and second flow control valves to the mixing cham-
ber.

209. The plumbing fixture of clause 208, wherein
each flow control valve includes a valve member as-
sembly including a first valve member adapted to
engage with a first valve seat associated with a first
of the two valve outlets in a closed position of the
flow control valve and a second valve member adapt-
ed to engage with a second, separate, valve seat
associated with a second of the two valve outlets in
the closed position of the flow control valve.

210. A plumbing fixture comprising:

a touchscreen user interface on a surface of a
plumbing fixture, the touchscreen user interface
configured to allow a user to control at least one
of the temperature or flow rate of a fluid exiting
the plumbing fixture by controlling a mixing valve
located within a body of the plumbing fixture.

211. The plumbing fixture of clause 210, wherein the
plumbing fixture is a faucet.

212. The plumbing fixture of clause 211, wherein the
touchscreen user interface is located on a spout of
the faucet.

213. The plumbing fixture of clause 211, wherein the
touchscreen user interface is located on an escutch-
eon of the faucet.

214. The plumbing fixture of clause 211, wherein the
mixing valve is located in a spout of the faucet.

215. The plumbing fixture of clause 210, wherein the
plumbing fixture is a shower head.

216. The plumbing fixture of clause 215, wherein the
shower head is a hand shower and the touchscreen
user interface is located on a handle of the hand
shower.

217. The plumbing fixture of clause 216, wherein the
mixing valve is located within the handle.

218. The plumbing fixture of clause 210 wherein the
touchscreen user interface comprises a display con-
figured to display at least one of the temperature or
flow rate of the fluid exiting the plumbing fixture.
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219. The plumbing fixture of clause 210, wherein the
touchscreen user interface includes an on/off switch.

220. The plumbing fixture of clause 210, further com-
prising a controller within the plumbing fixture for
controlling the mixing valve.

221. The plumbing fixture of clause 210, wherein the
mixing valve comprises a first flow control valve for
controlling the flow of a first fluid from a first inlet and
a second flow control valve for controlling the flow
of a second fluid from a second inlet, each of the first
and second flow control valves including a valve
member assembly to control the fluid flow through
the respective flow control valve, the valve member
assembly and the inlet of each of the firstand second
flow control valves adapted and arranged such that,
whenin use, fluid flowing through the first flow control
valve exerts substantially no net force on the valve
member assembly of the first flow control valve and
fluid flowing through the second flow control valve
exerts substantially no net force on the valve mem-
ber assembly of the second flow control valve.

222. The plumbing fixture of any one of clauses
210-221, wherein the mixing valve further comprises
a mixing chamber, a first flow control valve for con-
trolling the flow of a first fluid from a first inlet into the
mixing chamber, and a second flow control valve,
separate from the first flow control valve, for control-
ling the flow of a second fluid from a second inlet into
the mixing chamber, wherein at least the first or sec-
ond flow control valve includes at least two separate
outlets into the mixing chamber.

223. The plumbing fixture of clause 222, wherein
both the first flow control valve and second flow con-
trol valve each include at least two separate outlets
into the mixing chamber.

224. The plumbing fixture of clause 223, wherein
each flow control valve includes a valve member as-
sembly including a first valve member adapted to
engage with a first valve seat associated with a first
of the two valve outlets in a closed position of the
flow control valve and a second valve member adapt-
ed to engage with a second, separate, valve seat
associated with a second of the two valve outlets in
the closed position of the flow control valve.

225. The plumbing fixture of clause 224, wherein the
mixing valve includes a first linear actuator for mov-
ing the first valve member assembly and a second
linear actuator for moving the second valve member
assembly.

226. The plumbing fixture of clause 225, wherein the
linear actuators are stepper motors.
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227. The plumbing fixture of any one of clauses
210-221, wherein the mixing valve comprises an
electric heating element configured to heat a body
of the mixing valve to an elevated temperature suf-
ficient to kill organisms within the mixing valve.

228. The plumbing fixture of clause 227, wherein the
touchscreen userinterface includes a control for con-
trolling the electric heating element to perform a dis-
infecting cycle for the mixing valve.

229. A method of controlling at least one of the flow
rate or temperature of outlet water from a mixing
valve having a first control valve configured to re-
ceive water at a first temperature and a second con-
trol valve configured to receive water at a second
temperature higher than the first temperature, the
method comprising:

moving at least one of the first or second flow
control valves to output a flow of water from the
mixing valve having at least one of a desired
flow rate or temperature, wherein the force re-
quired to actuate the flow control valves is sub-
stantially independent of water flow.

230. The method of clause 229, wherein the first and
second flow control valves each include a valve
member assembly configured such that, when in
use, fluid flowing through the valve exerts substan-
tially no net force on the valve member assembly.

231. The method of clause 229, wherein the first and
second flow control valves each include a valve inlet
chamber to receive water and having first and sec-
ond outlets opening to a mixing chamber.

232. The method of clause 231, wherein the first and
second outlets are arranged at opposite ends of the
inlet chamber and are axially aligned and provide
first and second valve seats for co-operating with
firstand second valve members connected to a com-
mon spool coupled to an actuator for adjusting the
first and second valve members relative to the first
and second valve seats for controlling flow of water
from the inlet chamber to the mixing chamber

233. The method of clause 232, wherein, in use, fluid
flowing through each flow control valve exerts a force
on each valve member wherein the force on the first
valve member is substantially equal to and in the
opposite direction to the force exerted on the second
valve member.

234. The method of clause 232, wherein the actuator
is a stepper motor.

235. The method of clause 229, wherein the flow of
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water output from the mixing valve is supplied to an
outlet of a water delivery device, wherein the water
delivery device is a shower head, a faucet, a bath
tap, a sink tap, or a basin tap.

236. The method of clause 229, wherein the mixing
valve is located in a spout of a faucet or in a body of
a shower head.

237. The method of clause 229, wherein the step of
moving at least one of the first or second flow control
valves comprises moving both of the first and second
control valves to change the temperature of the out-
put water independent of flow rate.

238. The method of clause 229, wherein the step of
moving at least one of the first or second flow control
valves comprises moving one of the first and second
control valves to change the temperature of the out-
put water and the flow rate.

239. The method of clause 229, wherein the step of
moving at least one of the first or second flow control
valves comprises moving both of the first and second
control valves to change the flow rate of the output
water independent of temperature.

240. A method of controlling flow rate of outlet water
from a flow control valve, the method including con-
necting the flow control valve to a water supply, con-
figuring the flow control valve so that an operating
force to actuate the flow control valve is substantially
independent of water flow, and controlling the flow
control valve to output a flow of the water having a
desired flow rate.

241. The method of clause 240, wherein the flow
control valve includes a valve member assembly
configured such that, when in use, fluid flowing
through the valve exerts substantially no net force
on the valve member assembly.

242. The method of clause 240, wherein the flow
control valve includes a valve inlet chamber to re-
ceive water from the water supply and having first
and second outlets opening to an outlet chamber.

243. The method of clause 242, wherein the firstand
second outlets are arranged at opposite ends of the
inlet chamber and are axially aligned and provide
first and second valve seats for co-operating with
firstand second valve members connected to a com-
mon spool coupled to an actuator for adjusting the
first and second valve members relative to the first
and second valve seats for controlling flow of water
from the inlet chamber to the outlet chamber.

244. The method of clause 240, wherein in use, fluid
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flowing through the flow control valve exerts a force
on each valve member wherein the force on the first
valve member is substantially equal to and in the
opposite direction to the force exerted on the second
valve member.

245. A method of controlling at least one of the flow
rate or temperature of outlet water from a mixer
valve, the method comprising:

providing a mixer valve with a cold water inlet,
ahotwaterinlet, awater outlet, afirst flow control
valve for controlling flow of cold water from the
cold water inlet, and a second flow control valve
for controlling flow of hot water from the hot water
inlet;

providing each flow control valve with a valve
inlet communicating with the associated water
inlet, two valve outlets communicating with the
water outlet and a valve member assembly to
control the flow of water through the respective
flow control valve;

connecting the cold water inlet to a cold water
supply;

connecting the hot water inlet to a hot water sup-
ply, wherein the cold and hot water supplies
have different temperatures;

providing each valve member assembly with a
firstvalve member adapted to engage with a first
valve seatin a closed position of the associated
flow control valve and a second valve member
adapted to engage with a second, separate,
valve seat in the closed position of the associ-
ated flow control valve so that, the first valve
member is arranged to be urged closed by water
entering through the valve inlet and the second
valve member is arranged to be urged open by
water entering through the valve inlet such that,
when in use, water flowing through the first flow
control valve exerts substantially no net force on
the valve member assembly of the first flow con-
trol valve and water flowing through the second
flow control valve exerts substantially no net
force on the valve member assembly of the sec-
ond flow control valve so that an operating force
to actuate the first and second flow control
valves is substantially independent of water
flow; and

controlling the first and second flow control
valves separately or in combination and output-
ting a flow of cold water or hot water or a blend
of the cold and hot water having a desired flow
rate and temperature.

246. The method of clause 245, wherein the first and
second flow control valves each include a valve inlet
chamber to receive water from the associated water
inlet and the valve outlets open to a mixing chamber.
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247. The method of clause 246, wherein the valve
outlets are arranged at opposite ends of the inlet
chamber and are axially aligned.

248. The method of clause 245, wherein the firstand
second valve members are connected to a common
spool coupled to an actuator for adjusting the first
and second valve members relative to the first and
second valve seats for controlling flow of water from
the inlet chamber to the mixing chamber.

249. The method of clause 245, wherein, in use, wa-
ter flowing through each flow control valve exerts a
force on each valve member wherein the force on
the first valve member is substantially equal to and
in the opposite direction to the force exerted on the
second valve member.

Claims

A plumbing fitting configured to receive a fluid from
a fluid supply, the plumbing fitting comprising:

a body having a fluid outlet;

a housing separate from and disposed within
the body, the housing having aninlet, afirstvalve
seat, and a second valve seat that is separate
from the first valve seat;

aflow control valve configured to control the flow
of the fluid from the inlet to the fluid outlet, the
flow control valve comprising:

a first valve member that engages with the
first valve seat of the housing in a closed
position of the flow control valve to prevent
the fluid from flowing from the inlet to the
fluid outlet, wherein the first valve member
disengages from the first valve seat in an
open position of the flow control valve to al-
low the fluid to flow from the inlet to the fluid
outlet;

a second valve member that engages with
the second valve seat of the housing in the
closed position of the flow control valve to
prevent the fluid from flowing from the inlet
to the fluid outlet, wherein the second valve
member disengages from the second valve
seat in the open position of the flow control
valve to allow the fluid to flow from the inlet
to the fluid outlet; and

a spool having the first valve member and
the second valve member mounted thereon
at a predetermined distance apart; and

a motor configured to move the flow control
valve relative to the housing between the open
and the closed positions of the flow control valve.
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The plumbingfitting of Claim 1, wherein thefirst valve
member and the second valve member are fixedly
mounted on the spool.

The plumbing fitting of Claim 1 or Claim 2, further
comprising:

a first elastomeric seal disposed on the first
valve member and configured to engage the first
valve seat in the closed position of the flow con-
trol valve; and

a second elastomeric seal disposed on the sec-
ond valve member and configured to engage
the second valve seat in the closed position of
the flow control valve.

The plumbing fitting of Claim 3, wherein each of the
first and second elastomeric seals is an O-ring dis-
posed in a recess of the associated valve member.

The plumbing fitting of any one of Claims 1-4, where-
in the first valve member is configured to be urged
closed by fluid entering through the inlet and the sec-
ond valve member is configured to be urged open
by fluid entering through the inlet such that, when in
use, fluid flowing through the flow control valve ex-
erts substantially no net force on the flow control
valve.

The plumbing fitting of any one of Claims 1-5, where-
in the inlet opens into a valve inlet chamber in the
housing defined by a chamber wall having a first
valve outlet and a second valve outlet formed there-
in, the first valve outlet is associated with the first
valve seat, and the second valve outlet is associated
with the second valve seat.

The plumbing fitting of any one of Claims 1-6, where-
in a first end of the spool is received within a blind
guide bore formed in the housing, and a second,
opposed, end of the spool extends through an open-
ing in the housing and is connected to the motor.

The plumbing fitting of any one of Claims 1-7, where-
in the housing has a second inlet configured to re-
ceive a second fluid that is different than the first
fluid, a third valve seat, and a fourth valve seat; and
the plumbing fitting further comprises a second flow
control valve configured to control the flow of the
second fluid from the second inlet to the fluid outlet
of the body, wherein the second flow control valve
comprises:

a first valve member that engages with the third
valve seat in a closed position of the second flow
control valve to prevent the second fluid from
flowing from the second inlet to the fluid outlet,
wherein the first valve member of the second

10

15

20

25

30

35

40

45

50

55

39

EP 3 284 990 A1

10.

1.

12.

13.

14.

76

flow control valve disengages from the third
valve seatin an open position of the second flow
control valve to allow the second fluid to flow
from the second inlet to the fluid outlet;

a second valve member that engages with the
fourth valve seat in the closed position of the
second flow control valve to prevent the second
fluid from flowing from the second inlet to the
fluid outlet, wherein the second valve member
disengages from the fourth valve seat in the
open position of the second flow control valve
to allow the second fluid to flow from the second
inlet to the fluid outlet; and

a spool having the first and second valve mem-
bers of the second flow control valve mounted
thereon at a predetermined distance apart.

The plumbing fitting of Claim 8, wherein the motor
is a first motor and the plumbing fitting further com-
prises a second motor configured to move the sec-
ond flow control valve relative to the housing be-
tween the open and the closed positions of the sec-
ond flow control valve, and wherein the spools of the
firstand second flow control valves are arranged side
by side in parallel and on opposite sides of a mixing
chamber within the housing.

The plumbing fitting of any one of Claims 1-9, where-
in the plumbing fitting is a shower head, the body
comprises a stem and a spray head mounted on the
stem, and the housing is disposed within and cou-
pled to the stem or the spray head.

The plumbing fitting of Claim 10, wherein the housing
and each motor are located within the stem of the
shower head, the spray head is rotatable relative to
the stem within a spray head mount about two op-
posing pivots, and the spray head mount extends
from the stem.

The plumbing fitting of any one of Claims 1-9, where-
in the plumbing fitting is a faucet, the body comprises
a mounting base and a spout extending upwardly
from the mounting base, and the housing is disposed
within and coupled to the mounting base or the spout.

The plumbing fitting of Claim 12, wherein the housing
and each motor are located within the spout, the
spout includes an outlet conduit fluidly connecting
the fluid outlet and an outlet of the housing, and a
fluid conduit fluidly connects each inlet with the as-
sociated fluid supply.

The plumbing fitting of any one of Claims 1-9, where-
in the plumbing fitting is a bar mixer, the body in-
cludes a control panel for controlling the flow of each
fluid through an input from a user, and the plumbing
fitting further comprises:
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a spray head for dispensing fluid; and
a flexible hose fluidly connecting the body and
the spray head.

15. The plumbing fitting of any one of Claims 1-14, fur-
ther comprising:

a heating element located within the plumbing
fitting for heating at least one of the hollow body
or the housing to an elevated temperature suf-
ficient to kill bacteria and/or bio-film within a wa-
terway of the plumbing fitting; and

a controller that is configured to disable each
flow control valve to prevent the discharge of
fluid from the fluid outlet during the cleaning cy-
cle.
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